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ITEMS AND NOVELTIES. 


On Deep Sea Sounding.—‘ir William Thomson has lately com- 
municated to the British Society of Telegraphic Engineers, a paper 
upon his new method of deep sea sounding by means of piano-forte 
wire. We condense the following description of it from the Tele- 
graphic Journal : 

Wire is better than rope for this purpose, because of the smallness 
of its area and the smoothness of its surface. The size employed is 
No. 22 of the Birmingham wire gauge, weighing 14} pounds to the 
nautical mile, and bearing a weight of 230 to 240 pounds before 
breaking. Messrs. Johnson of Manchester made for him a piece of 
this wire three miles long, drawn from a single ingot of crucible steel, 
and capable, by actual test, of sustaining the above weight. The 
importance of having the sounding wire in one piece is very great, 
since splicing is almost an impossibility. At first the two ends of the 
wire were twisted together and solder was run between them; yet 
on testing the joint, the wire itself broke close to it, at a strain from 
10 to 20 pounds less than, under other conditions, the wire sustained. 
The sudden change in area is an element of weakness; and to avoid 
it, an exceedingly gradual commencement of the pressure must be 
secured. This is effected by a splice at least two feet long. The 
two wires are placed parallel for this distance, seized in the middle, 
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and the two ends successively turned round the contiguous straight 
portion of wire. If the wires be previously coated with marine 
glue, to increase the surface friction, and the ends be kept down 
by a serving of twine, the splice is capable of sustaining as great a 
load as the wire itself. The next difficulty to be overcome was in 
the apparatus for hauling in the wire. Originally a wheel or whim 
a fathom in circumference, was used, the first sounding made with it 
being one of 2700 fathoms in the Bay of Biscay. After hauling in 
1500 fathoms, the wheel labored and the last 800 fathoms were ‘re- 
covered with great difficulty. The first remedy applied was to stop 
the process after say 20 fathoms, to take the strain off the wire, and 
to ease it round the wheel; but, beside being very tedious, it did not 
give accurate results. In the American Navy, the weight is automa- 
tically detached upon striking the bottom and then the wire is easily 
pulled in. But as it was very undesirable to lose 30 or 35 pounds of 
lead or iron at every sounding, the author contrived an apparatus by 
which the weight could always be recovered ; at least from depths not 
exceeding 3000 fathoms. Whena sounding is made from a ship hove 
to for the purpose, a serious difficulty is encountered in the tendency 
of the wire to kink. This is obviated by fastening the weight to the 
ring or clamp at the end of the wire, by means of 15 fathoms of cod 
line, the clamp itself weighing about 4 pounds. When the weight 
strikes the bottom, the paying out of the wire ceases before the clamp 
strikes ; hence there is no wire coiled on the bottom and there is no 
kinking. In order to arrest the paying out of the sounding wire at 
the proper time, a measured resistance is applied systematically to the 
wheel, which resistance is always to be more than enough to balance 
the weight of the wire out. For example, let this resistance exceed 
by 10 pounds the weight of the wire paid out. The sinker weighs 30 
and the clamp 4 pounds. Hence 24 pounds represents the moving 
force; a force sufficient to reach the bottom at 3000 fathoms, in three 


quarters of an hour. By means of a time-counter, narrowly watched 


by the person in charge, three pounds is added to the brake for every 
250 fathoms of wire paid out; this is 12 pounds for every thousand 
fathoms, which is about the weight in water of this length of wire. 
Now. when the weight strikes the bottom, instead of there being a 
downward strain on the wire of 24 pounds, there is a resistance to its 
motion of ten pounds. A few turns of the wheel—two or three at the 
most—and the motion is stopped; and, long before the clamp gets to 
the bottom, there being 10 fathoms of line between it and the sinker, 
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the wheel stops. The wire-wheel is then run back, a spun-yarn 
stopper is put on the wire, the strain is taken off, and the wire is 
carried over the top of the large wheel, one coil being enough for 3000 
and 2 for 4000 fathoms. A pulley with a sharp V groove is put on 
each side ; and then with a snatch-block, and with a deck ten fathoms 
inboard, three men hauling on each side can haul up at the rate of 8 
nautical miles an hour. Moreover, by a suitable arrangement, the 
excess of stress caused by a heavy sea, may be regulated to the force 
exerted in hauling in. | 

In relation to the adoption of this method of sounding in the 
British Navy, Sir. Wm. Thomson goes on to say: “I think it highly 
desirable that this process should be taken up by our own admiralty. 
There is a great tendency to the other side. I have a semi-official 
letter to the effect: ‘When you have your apparatus perfected, we 
may be ready to try it.’ I may say that it seems a little strange that, 
after my having intimated, in the month of June, 1871, the perfect 
success of wire for sounding in depths of 2700 fathoms, the Challenger 
was allowed to go to sea without taking advantage of this process, and 
that a year and a half later, I should be told: ‘When you have per- 
fected your instrument we will give it a trial.’ The American Navy 
looked upon the matter with different eyes and certainly in a different 
spirit. They moved those who had the direction and they took it up 
with the very greatest zeal. They found my apparatus full of defects, 
but they never asked me to perfect it, but they perfected it in their 
own way and they obtained results. I went on independently in 
another line and made a considerably different apparatus from that 
which is now being used by the Americans; but I certainly was very 
much struck by the great zeal and the great ability which the Ameri- 
ean naval officers showed in taking up a thing of this description 
which had once been proved to be good, and charging themselves with 
improving the details and making it a workable process.” 

The paper closes with an account of the method of making flying 
soundings with wire. During the Hooper telegraph expedition from 
Pernambuco to Para, soundings were taken every two hours without 
stopping the ship. A 30 pound weight was hung by two fathoms of 
cord (though five would have been better) to the clamp, and the wheel 
was Jet go with a resistance of about 8 pounds. When the ship was 
moving 4} knots, the cable was paying out at 6 knots; and after 150 
to 175 fathoms had run out, the wheel would suddenly almost cease 
to turn, and was then stopped. In this way flying soundings were 
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made in water 150 fathoms deep, the ship going 6 knots per hour. 
The wire is protected from rust either by immersion in oil, after the 
American plan, or in caustic soda, as on board the Hooper. 


The Sczaroch, a new Russian projectile.—A new shell, under 
the above name, has just been adopted for the Russian artillery, which 
seems to have certain advantages. When the old spherical shell was 
replaced by the elongated shell, now entirely in use, the argument was 
the necessity of obtaining a higher initial velocity, which was possible 
only with rifled guns. There was not an artilleryman who did not 
regret the sacrifice thus made of the ricochet shot; a shot extremely 
useful in certain cases, and apparently quite impossible with an elon- 
gated projectile. Some two years ago a Russian officer devised a shell 
which was a time or a percussion shell and at the same time could 
give the results of a ricochet shot. The sezaroch, as it is called, is an 
elongated shell, the head of which is completely spherical; a round 
shell upon the end of an iron cylinder. The two parts are united to- 
gether by a comparatively slight thickness of metal. When fired, the 
sezaroch leaves the gun like an ordinary shell; but when it barsts, 
the cylindrical part alone flies in pieces, while the spherical head con- 
tinues its flight intact and may ricochet for hundreds of yards further. 
The advantage of such a shell against artillery, for example, is very 
great. After bursting and scattering its fragments among the guns 
of the enemy, the head goes on to plunge into the infantry still further 
back. It is only to be used in Russia however, for cannon of moder- 
ate size. 


On the Action of Spiegeleisen in the Bessemer Process,— 
An investigation into the function performed by the spiegeleisen when 
added to the Bessemer charge has been made by Bender. A portion 
of the metal, when ready for the charge of spiegeleisen, was run 
into a white hot clay mould and slowly cooled. Its structure was 
coarsely crystalline, a condition favored by the oxygen contained in it. 
It was brittle under the rolls, but tough and hard under the chisel. 
Upon analysis, it contained 0°35 per cent. of oxygen. The action of 
the spiegeleisen upon the iron, the author then caleulates as follows: 
The charge of 3,500 kilograms lost ten per cent. of siag, leaving 3,150 
kilograms of metal, which at the above percentage, would contain 
11°02 kilograms of oxygen. To this, 325 kilograms of spiegeleisen was 
added, containing five per cent. of carbon and eight per cent. of man- 
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ganese ; i. ¢., 16°25 kilograms of carbon and 26 kilograms of mangan- 
ese. Since 55 parts of manganese takes up 16 of oxygen 
26 kilograms requires 7°67 kilograms; leaving 3°45 kilograms 
of oxygen. Moreover, as the carbon is also active, as the flame 
shows, the 3°45 kilograms of oxygen would require 2°58 kilo- 
grams of carbon, which, subtracted from the 16°25 kilograms 
contained in the spiegeleisen, leaves 13°67 kilograms of carbon. 
Before adding this, the Bessemer metal contained 0°08 per cent. of car- 
bon, equal to 2°52 kilograms ; hence it contained afterward 16°2 kilo- 
grams. Upon analysis, the steel obtained contained only from 0°15 
to 0°20 per cent of manganese ; hence the author believes that since 
both the manganese and the carbon added in the spiegeleisen, operate 
upon the oxygen, the excess of manganese and its equivalent of car- 
bon pass away in the slag, leaving only the above quantity—0°15 to 
(20 per cent—combined in thesteel. As 0°15 per cent. equals 5°17 
kilograms of manganese, equivalent to 1°12 kilograms of carbon, the 
carbon left would be ( 16°2-1°12) 15 kilograms to about 3,450 kilo- 
grams of metal, or 0°43 per cent. Actual experimental determination 
gave 0°40 per cent. carbon. 

It appears, therefore, that from three-fourths to four-fifths of the 
manganese introduced by the spiegeleisen, is lost in the slag ; whether 
the small portion which the steel retains is of any advantage to it or 
not, is yet undecided. Moreover, the silicon is slightly increased, and 
the sulphur slightly diminished by the addition of the spiegeleisen. The 
author maintains that the spiegeleisen may be replaced with advantage, 
both as to quality and quantity of the product, by a good white car- 
buretted iron. The great difficulty with both, however, lies in the 
fact that the carbonic oxide formed by the carbon which they contain, 
in acting on the oxygen of the Bessemer metal, appears to be dissolved 
in the liquid metal and to be evolved on solidification. This “blow- 
ing” as it is termed, is a serious injury to the metal. The author hence 
thinks it desirable to replace the carbon by a substance which forms 
when united with oxygen an easy fusible slag instead of a gaseous pro- 
duct. 


On the Temperature obtained in Freezing Mixtures.— 
One of the results obtained by Berthelot in his admirable researches 
in thermo-chemistry—and by no means one of the least important, we 
may add—is the determination of the law according to which refrig- 
erating mixtures act, thus rendering it possible to ascertain by a very 
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simple calculation exactly what temperature can be obtained. If, for 
example, sulphuric acid of specific gravity 1°78, crystallized, be mixed 
with snow or pounded ice, three thermic effects are produced ; first the 
acid liquefies, absorbing heat ; second, the ice melts, also absorbing heat ; 
and third, the two liquids unite, evolving heat. The actual figures 
are as follows, three parts (58 grams) of acid and eight parts (153 
grams) of ice, both at 0°, being mixed: 
Melting of the crystallized acid — 1840 calories 
" “. “ i6e —-12155 —9015 
Union of acid and water + 4900 

211 grams of the mixture absorb then 9015 calories of heat. If now 
this number be divided by the product of the weight, 211 grams, and 
the specific heat of the mixture, 0°813, which is 1715, the quotient is 
—- 52°6°, the final temperature obtained. If the substances be cooled to 
— 20° before mixture, the final temperature is— 62°. In the last cen- 
tury, mercury was frozen by a mixture of liquid sulphuric acid and 
snow. Theory shows that when one part of sulphuric acid containing 
one-fifth water, is mixed with three parts of snow, both cooled to—7°, 
the final temperature is—51°. So calculation and experiment agree 
that when nitric acid is mixed with twice its weight of snow the tem- 
perature is lowered to—56°. Of the three ways of producing cold: (1) 
by converting a solid ora liquidinto a gas, (2) by liquefying a solid 
either by contact with a liquid or another solid, or (3) by chemical ac- 
tion in solution, producing a substance which absorbs more heat than 
the bodies originally present—the first is immensely the most effective. 
Theory shows that the evaporation of ether should produce a cold of 
—192°; of carbon disulphide, — 530° ; of liquefied ammonia — 460° ; of 
hyponitrous oxide (liquid )—440°. Were it not for the fact that the 
tension of the vapor evolved from these liquids soon becomes so feeble 
that the cold produced by evaporation is balanced by absorption from 
surrounding bodies, a fact which prevents the production of a temper- 
ature more than 100° below the boiling point of the liquid, it would 
undoubtedly be possible practically to attain in this way very low tem- 
peratures, perhaps even the absolute zero, generally fixed at —273°. 


Postal Cards in the Different Countries of Europe.—The 
idea of postal cards is attributed to Dr. Emanuel Hermann, professor 
in the Vienna Military Academy. They were introduced into Eng- 
land in 1870, at the price of one half-penny, (one cent ), the letter 
postage being one penny. Theaverage circulation there of these post- 
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al cards has risen to a million and a half a week. More than seventy- 
five millions were sent in 1871, and this number was exceeded in 1872. 
The number of letters mailed, so far from diminishing in consequence 
of the introduction of the cheaper postal card, as had been predicted, 
has actually increased ; in place of 863 millions of letters carried in 
1870, 915 millions were transported in 1871, an increase of 52 mil- 
lions. This enormous increase raises the mean percentage of the an- 
nual progression, which, for the five previous years, from 1866 to 
1870, had been four per cent, up to six per cent. 

In Germany, the introduction of card-correspondence was decreed 
in June, 1870, and it began practically a month later. The advantages 
offered by it caused it to be rapidly extended, although the price had 
been fixed at that time at one groschen (2} cents), the same as letter 
postage. On the first of July, 1872, this price was reduced to one 
half a groschen (1} cents ), letter postage remaining as before. Here 
also the introduction of the postal card has not interfered with the 
number of letters mailed, which, in place of 205 millions in 1870, be- 
came 240 millions in 1871. A most valuable addition to the postal 
card system, moreover, has been adopted in Germany, and has extend- 
ed to Holland, to Belgium and to Switzerland. Beside the simple 
postal card, a double one is also issued, having a pre-paid card at- 
tached for the answer. The two cards correspond in size, each bears 
the stamp and they are sold at a double price. 

In Switzerland, the postal card system was introduced October Ist, 
1870, the price being five centimes ( one cent ). In 1871, 1, 713,710 
cards were sent. The letters mailed increased from 20,477,844 in 
1870 to 22,563,351 in 1871. 

Belgium adopted postal cards July Ist, 1871, the price being five 
centimes (one cent). At first the system was local, but it has since be- 
come general, The number of letters sent, has, as in other countries, 
steadily increased. On the first of January, 1875, the Minister of 
Public Works, under whose direction are all postal and telegraphic 
arrangements, ordered the issue of double postal cards having a pre- 
paid card for the answer. 

Norway has had postal card correspondence since January Ist, 1872, 
the price at first being that of ordinary letter-postage, 9 skillings (2°9 
cts). It has since been reduced to 2 skillings within the same postal 
district. The results generally are regarded as satisfactory. 

In Sweden, the price of the postal-card at first fixed at 12 ore (34 
cts ), has been reduced to 10 ore ( 2°8 ets). In Denmark, the system 
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was adopted April Ist,1871. The general card costs 4 schillings 
( 2°4 cts ) and the district card 2 schillings ( 1-2 ets ). 

In Russia, postal cards were introduced January Ist, 1872. The 
general card is furnished ut 5 kopecks( 4 cts )and the district card at 
3 kopecks ( 24 cts.) In Austria, the postal card costs 2 kreutzers ( one 
cent.) Thesystem was adopted in October, 1869, and the first year 
eight millions of cards were sold. 

Spain has decided upon postal cards ; Greece and Portugal are about 
to issue them ; and in Italy the same course has been resolved upon. 
Turkey alone has failed to see the advantages of the postal system and 
to adopt it. 


On a New and Constant Thermo-Electric Generator. — 
The direct production of electricity from heat, and its utilization in 
practice as a source of power, has not, until now, been a commercial 
success. Unquestionably the best thermo-electric combination thus far 
obtained is that of Mr. Farmer, of Boston, in which an alloy of zine 
and antimony constitutes the positive, and German silver or copper 
the negative plate. Such an electro-motor was exhibited at the Paris 
Exposition of 1867, and excited great interest. The difficulty, how- 
ever, in their use on the large scale lies in the fact that when in action 
they lose their activity rapidly and “run down.” Clamond has 
lately investigated the reason of this, and he finds it to be due to two 
‘auses: first, to the oxidation of the surfaces of contact of the two 
bars under the influence of the heat ; and, second, to the cracking of 
the crystalline bar and its breaking into transverse sections. While, 
therefore, the electro-motive force of the apparatus undergoes no 
diminution, the internal resistance is so increased as to render the 
combination useless after a little time. The first of these difficulties 
Clamond has overcome by making some oblique cuts in the end of 
the flexible plate, and bending the intermediate tongues alternately 
to either side. When the melted metal is poured round this plate it 
flows into the spaces thus enclosed, and makes a more perfect contact. 
The second cause of deterioration was not so easily overcome. Anneal- 
ing was found to be of no use, and it was finally ascertained that 
to render the bars homogeneous, crystallization must be prevented. 
This was effected by heating the moulds in which the zine-antimony 
bars were cast, to a temperature near that at which the alloy fuses, and 
by pouring in the metal at a temperature near its solidifying point. 
In this way, using the zine-antimony alloy in connection with strips of 


Items and Novelties. 9 


iron, the author has succeeded in constructing a thermo-electric gene- 
rator, which remained in action in the laboratory of M. Jamin, at the 
Sorbonne, for six entire months without deterioration. This apparatus 
consisted of three rings, each composed of ten pairs of bars, arranged 
radially. In the interior cylindrical space was placed an earthenware 
tube full of holes, serving as a gas-burner. The entire apparatus 
weighed about 14 pounds, and at an expense per hour, of six cubic 
feet of gas, costing in Paris one cent, it deposited two-thirds of a troy 
ounce of copper; being equivalent to a Bunsen cell seven inches high. 


Duchemin’s Circular Compass.—A new compass has been in- 
vented in France by M. Duchemin, the magnetic force of which 
resides, not in a bar or needle, as in the ordinary instrament, but in 
a flat steel ring, magnetized, with its poles at two opposite extremities 
of the same diameter. This ring, supported upon an aluminum tra- 
verse, pivoted on agate at its centre, has attached to it the ordinary 
compass card, and acts promptly and efficiently. The author claims 
for it the following advantages: (1) a magnetic power, double that of 
a needle whose length is that of the diameter of the ring; (2) two 
neutral points instead of one, as in the needle ; whence it happens that 
none of the magnetism escapes, and that strong sparks like those from 
the Holtz machine do not derange the poles; (3) a better and more 
prompt performance of the compass, the card seeming to float, as it 
were, in a liquid; (4) a large increase in the sensitiveness of the in- 
strument; (5) the ability to regulate the magnetic intensity of the ring, 
and thus to compensate for local causes. This is effected by means of 
a second magnetized steel ring, smaller than, and inside of, the first, 
the position of which—and therefore its neutralizing action—may be 
easily adjusted. Under the direction of the Minister of the Marine, a 
ttial trip of the new compass was made on the steamboat Faon with 
very satisfactory results. M. Duchemin now proposes, as an improve- 
ment, the use of a set of such rings, forming a spherical or spheroidal 
system of still greater magnetic power. 


The Pernot Rotary Puddling Furnace.—<A new puddling 
apparatus, designed and constructed by M. Pernot, has been brought 
to the notice of the Society of Civil Engineers of France. In this 
furnace, charges of 18 ewt. of fine iron obtained from charcoal pig, or 
22 ewt. of ordihary iron made from common pig, are obtained at each 
operation. The production varies according to the nature of the pig 
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employed, ranging from double to treble the quantity obtained in an 
ordinary puddling furnace. With pig iron from Pouzin we have 
made 4} tons per run, which operation lasts about two hours. One 
ton of this pig gives nearly 19 ewt. of bars. It is a curious sight to 
see seventeen or eighteen balls drawn successively from the same 
furnace, the last ball being as hot and as free from cracks as the first 
one, and remarkably clean in appearance. The cost of production, 
compared with that of ordinary furnaces, is in favor of the new 
system. ‘The process of M. Pernot is now a practical one, and carried 
on with the certainty of obtaining the different products expected from 
a puddling furnace, such as fine iron from charcoal pig, ordinary iron, 
and puddled steel. In the old furnace it is always the same layer of 
iron which is subject to the action of the scoriz, and the parts touch- 
ing the bed and bottom do not come within the influence of this action. 
In the rotary furnace, with inclined bed or bottom, the different 
particles come successively in thin sheets just as they are dragged 
along by the rotary motion to the upper region of the furnace, and 
there they are not submitted too long to the oxidizing action, because 
immediately after they dip down again into the bath in the lower 
part of the furnace. The same reasons produced very complete heat- 
ing of the whole mass of metal. M. Pernot has furnaces with rotary 
bed or bottom for the fusion of steel, by adding to it the superheating 
obtained by means of gas generators and Siemens regenerators. To 
say that he has succeeded would not be wholly correct. This process, 
from the peculiar mode of loading, and from the action of rotation 
which gives a better heating and more rapid decarburation, has so 
much improved the condition in which cast steel can be obtained that 
there is no longer any analogy with the old methods. The same gas 
producers which were used for a Siemens-Martin furnace are now ap- 
plied to this new furnace, giving twice as much steel in the same time 


as before, and with a corresponding economy in the working expenses- 
—TIron Age. 


Bibliographical Notices. 


Tri-Nirro-GLYCERIN, AS APPLIED IN THE Hoosac TUNNEL, 
ete. By Georve M. Mowsray, Operative Chemist. With thirteen 
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illustrations, tables, and appendix. Third Edition, re-written, 8vo. pp. 
124. New York, 1874. D.Van Nostrand. Mr. Mowbray stands con- 
fessedly at the head of nitro glycerin manufacturers in this country. 
Thoroughly trained in early life as a manufacturing chemist, he has so 
successfully applied his knowledge that the manufacture and use of this 
terrible explosive agent have been rendered almost absolutely safe. In 
proof of this assertion is the fact that, during the past six years, he has 
produced, at the Hoosac Tunnel alone’ upwards of five hundred thousand 
pounds of nitro-glycerin; and this with only two accidents, both of them 
attributable to the grossest carelessness on the part of workmen. We 
are glad therefore to havea monograph from his facile pen upon this most 
efficient explosive, so essential, now-a-days, to all enterprises requiring 
the excavation of rock. Mr. Mow bray’s operations on the large scale, 

were commenced at North Adams, in the winter of 1867-8, under a 
contract with the Massachusetts Tunnel Commission. They have 
continued uninterruptedly up to the present time, and have been 
carried forward with an energy, an ability, and a persistency which 
renders their great success no secret. In the book before us—which 
has already reached its third edition—he has given us an admirable 
statement of facts. The opening chapter is devoted to a sketch of 
the difficulties attending the first introduction of nitro-glycerin in 
practice, by reason of the fearful explosions in New York, Panama, 

and San Franscisco, of the impure product of Nobel. The author 
then discusses the relative value of gun cotton and of nitro-glycerin ; 

states the results of the experiments already made with the latter at 
the Hoosac Tunnel, in Erie Harbor, at Dimon’s reef and Hallet’s 
Point, N. Y., and in the oil wells of western Pennsylvania ; describes 
the various processes for the manufacture and the analysis of nitro- 
glycerin, and of the various mixtures of this. substance with absorb- 
ents, which have been proposed as substitutes ; gives an account of the 
entire method of working with nitro-glycerin at the Hoosac Tunnel ; 
corrects some errors concerning this substance, to be found in current 
literature ; treats of the various electric and magnetic machines by 
which the explosion may be effected, and of the various fuses which 
may be employed for the purpose ; and closes with some succinct and 
excellent instructions for handling and using the nitro-glycerin. One 
cannot read these interesting pages without being impressed, not only 
with the great value, not to say the absolute necessity of, nitro-glyce- 
rin in all tunnelling operations, but also with the indefatigable labors 
which have rendered its use on this immense scale, possible. It is to 
Mr. Mowbray, beyond question, that we owe the determination of the 
conditions of its safety. Recognizing at once, the important chemical 
fact that the most efficient, as well as the safest, nitro-glycerin, re- 
quired the use of the strongest acids (acids, too, which, not being 
found in commerce had to be made upon the premises) he devised a 
most ingenious process for using these acids with economy and safety 
by blowing a stream of cold air through them while the glycerin 
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enters. Thus originated his tri-nitro-glycerin, by far the safest, as it 
is the purest and the strongest, which is now in commerce. Moreover, 
the care employed in having the glycerin pure and dry, and in having 
the acid mixture thoroughly contd when the glycerin is run into it, 
contributes essentially to the result. His product is therefore a color- 
less oily liquid, of specific gravity 1°6 at 60° F. It is insoluble in 
water, soluble in alcohol and ether, has no odor, but has an aromatic 
taste, though the minutest quantity on the tongue causes, in a few 
minutes, a severe but transient headache, Unlike other nitro-glyce- 
rins, the products of its explosion are neither/offensive nor deleterious 
in their action upon the workmen. Another important point, however, 
is here to be noted. After production, the nitro-glycerin is placed i in 
earthenware jars holding sixty pounds and kept at the temperature of 
70° F. for seventy-two Sean, to fine. It is then run into square tin 

ans holding 56 pounds, for ‘packing. Now, it was by a fortunate 
accident that Mr. Mowbray learned the secret of subsequent safety, 
and ascertained that nitro-glycerin is inexplosible when solid. Next 
to its purity therefore, nitro-glycerin owes its safety during transpor- 
tation to its being previously frozen. The tin cans are therefore 
placed for 48 hours in ice ; the nitro-glycerin solidifies and, packed in 
a box with sponge upon the bottom, resting on four rubber tubes 
which come up over the cans, and well iced, it may be transported by 
wagon as safely as butter. 


It may easily be seen from the above statements that Mr. Mowbray 
deals with a subject which is at once fascinating by its attendant risks 
and instructing by its practical value. His book is entertainingly 
written and cannot fail to be of great service, not only to him as a 
manufacturer, but also to those enterprises whic h, like the Hoosae and 
St. Gothard ‘tunnels, require the energy of nitro-gly cerin to carry 
them forward to successful completion. 


TABLES FOR QUALITATIVE CHEMICAL ANALYsIS, wilh an in- 
troductory chapter on the course of Analysis. By Professor Heixricu 
WIL of Giessen, Germany. Second American, from the Ninth Ger- 
man Edition, Edited by Cuas. F. Himes, Pu. D., Professor of 
Natural Science, Dickinson College, *Carlisle, Pa., 8vo., pp. 22, and 
Tables XIV. Philadelphia, 1874. Henry Carey Baird. 

Professor Will’s Analytical tables are too well known to the Chem- 
ical profession to need any detailed description of them, They have 
not only the great advantage which tables always afford, of presenting 
to the eye at a glance the complete analytical classification of the sub- 
stances treated, but they have a value purely their own, over any 
other book in general use in the fact that all the rare as well as the 
common elements are included in the reactions given. Prof. Himes 
has done his work excellently and has made some valuable additions. 
He acknowledges some suggestions from Prof. Genth, of the Univer- 
sity of Pennsylvania. 
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HALL oF THE InstiTure, June 17th, 1874. 

The meeting was called to order at 8} P.M., the President, Cole- 
man Sellers, in the chair. 

The Secretary being absent the President appointed J. B. Knight 
as Secretary pro tem. 

The minutes of last regular meeting, held May 20th, 1874, were 
read and approved. 

The Actuary submitted the minutes of the Board of Managers, and 
reported that at their stated meeting, held June 10th, donations tothe 
Library had been received as follows:— 

Journal of the Society ef Arts, Vol 22, Nos. 1115 to 1118. London. 
From the Society. 

Journal of the Statistical Society for March, 1874. London. 
From the Society. 

Journal of the Chemical Society, Vol. 12, February to April, 1874, 
with index for Vol. 11, 1873. London. From the Society. 

Proceedings of the Royal Institution of Great Britain, Vol. 7, Part 
1-2, 1873, with list of Members, Officers, etc. London. From the 
Royal Institution. 

Monthly Notices of the Royal Astronomical Society, Vol. 34, 
No. 6. London. From the Society. 

Bulletin de la Société d’ Encouragement pour |’ Industrie Nationale, 
April, 1874. Paris. From the Society. 

Zeitschrift des Ingenieur und Architekten-Vereins zu Hannover, 
Vol. 19, Part 4, 1873. Hannover. From the Society. 

Penna. Report of the Bureau of Statistics of Labor and Agriculture, 
1872-1873. Harrisburg. From the Bureau of Statistics. 

Address of Henry A. Oakley, at the 8th Annual Meeting of the 
National Board of Fire Underwriters, held April 22d, 1874, with 
Reports of Stephen Crowell and Thos. H. Montgomery, and the 
Report of the Committee on Legislation and Taxation. New York, 
1874. From the Franklin Fire Insurance Co., Philadelphia. 

Bulletin of the National Association of Wool Manufacturers, Janu- 
ary, March, 1874. Boston. From the Association. 

Report of the Superintendent of the Coast Survey, during the year 
1870. Washington. From E. P. Patterson, Superintendent. 
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Mr. Tatham, Chairman of the Committee on Exhibition, made the 
following report :— 

“The Sub-committee on Premiums and Awards, having performed 
the work it was appointed to do, a motion will be made to dissolve it 
at the next meeting of the Committee on Exhibition. 

This Sub-Committee was appointed to consider whether or not a 
classified list of exhibits and premiums should be published before- 
hand, what the premiums should be, and who should make the 
awards, the result of their action is embodied in the printed rules. 

This statement is made publicly in order to exclude the idea, which 
might arise from the name of the Sub-Committee, that it has anything 
to do with the awards of the Judges.” 

Mr. Hector Orr read a paper on Street Pavements, in which he 
takes issue against all the present modes of paving roadways with stone, 
and strongly favors the use of wood. He said that the great want of 
the age is some street pavement that will absorb the concussion of 
vehicles passing over it. 

Mr. Orr exhibited a specimen of white cedar, which had lain in the 
ground, as a railroad sleeper, for twenty-five years, and which is 
still sound. He recommended the use of white cedar for street pave. 
ments, as this would have the excellent quality of durability. 

Dr. Rogers asked Mr. Orr if it was contemplated to use the cedar 
wood lying as a sleeper, and stated that the factor of durability as a 
sleeper in city railroad track was quite different from that as a pave- 
ment, and that durability in the former position does not prove that 
it will be so in the latter. 

Mr. Close stated that he was quite positive that there are no hem- 
lock sleepers in the street railways of Philadelphia, and asked Mr. Orr 
how he got his information on this point. 

Mr. Orr replied, that in passing a portion of Old York Road where 


some repair was being made, he was told by one of the workman that 


the sleeper was hemlock. 

Mr. Wm. B. Levan then read ‘a paper entitled Horse Power of 
Steam Boilers, being a description of the Steam Engines and Hori- 
zontal tubular boilers in use by the Cocheco Manufacturing Co., 
Dover, N. H., and the details of a test of same, showing the following 
results :— 

Water evaporated per pound of anthracite coal, 10 lbs. Water 
evaporated per indicated H. P., 18 lbs. Indicated H. P. for each 
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cubie foot of water evaporated 3°4. Some remarks were offered by 
Messrs. Wiegand and Lovegrove. ; 

The Secretary then read a paper by Mr. John Russell, upon a new 
process of fluxing and smelting the ores of precious metals, in which 
it is claimed that such ores can be fluxed at a cost not exceeding $1.00 
per ton. 

Dr. Rogers stated that he had not seen the process, and the paper 
' gave no indication of what it consists, but he hardly thought such 
ores could be fluxed for $1.00 per ton; but if it can be done for any- 
thing like the cost named, it will certainly give a strong impetus to- 
the production of the precious metals. 

Dr. Koenig wished to know what the process was, as he saw no 
indication of originality, so far as it was described in the paper. If 
it is intended to treat all ores alike it certainly would be a failure, as 
it is well known that ores from different mines require different treat- 
ment, and to attempt to flux all alike would be like giving some 
patent medicine for the cure of all diseases. 

In reply Mr. John S. Crawford stated that the process is a secret, but 
it was the intention of the inventor, at some future day, to lay the whole 
subject before the Institute. 

Dr. Rogers stated that the Institute does not undertake to pass 
upon processes in which a secret is maintained, and recommends that 
the matter rest until full information is given. 

The President stated that the presenting of the paper was out of 
order, not having passed the Committee on Meetings, but as it came 
to him, coupled with the names of prominent members of the Insti- 
tute, he had directed it to be read. 

The Secretary pro tem. then exhibited specimens, showing a new 
system of calking steam boilers, and other vessels made of sheet- 
metal; the invention of Mr. Jas. W. Connery, of this city, and called 
“Concave Calking.” Also a number of specimens taken from 
condemned and exploded boilers, showing the injury done the metal 
by the old system of calking. By the new system the edges of the 
plates are planed, or chipped in the usual way, and a calking tool of 
half the thickness of the plates, having a semicircular end, is used 
to upset the edge of the overlying sheet, care being taken to pre- 
vent the tool coming in contact with the under plate. It is claimed 
that the evil known as grooving and consequent weakening of the 
plates, is thus entirely obviated. 

Also a model of a mill for grinding wet substances, such as paints 


16 Proceedings of the Franklin Institute. 


ink, and rubber, the invention of Mr. L. P. Dodge, of New York. 
This mill consists of two rollers, of greatly different diameters, pre- 
ferably 3 to 1, with the surfaces touching, and geared to revolve at 
the same number of revolutions, thus causing the surfaces to slip one 
on the other. 

Under the head of Unfinished Business, the amendment to the By- 
Laws, recommended by the Board of Managers, at the last Monthly 
Meeting, was called up, and after some discussion as to its exact bear- 
ing, by Messrs. Rogers, Le Van, Sewall, Lovegrove, Wiegand, Grim- 
shaw, and Mitchell, the amendment was adopted with but ene dissent- 
ing vote, as follows :— 

Amendment to the By-Laws, Art. 2, Sect. 7. 

“Members whose yearly dues are in arrears for three years, shall 
be considered as having resigned, and the Actuary is directed to 
strike their names from the list of members.” 

Mr. Close stated that some months ago he presented a resolution 
which was referred to the Committee on Science and the Arts, calling 
attention to the law of Congress, then just passed, allowing certain 
steamboats to carry 150 lbs. pressure in boilers of 42 inches diameter, 
made of } inch iron, and inquired what had become of it. 

The Actuary replied that it was referred to a Sub-committee of the 
Committee of Science and the Arts, but that, as several of them could 
not serve, a new committee would shortly be appointed. 

The President read a letter from Mr. W. W. Evans, of New York, 
presenting to the Institute a handsomely printed copy of Brougham’s 
Life of Washington, embellished with a colored photograph copy 
of a miniature portrait of Washington, painted from life by Mrs. 
Sharpless. : 

On motion of Mr. J. FE. Mitchell, the President was directed to 
convey to Mr. Evans the thanks of the Institute for his donation. 

Messrs. Hale, Kilburn & Co. placed the eulogy and portrait 
in a handsome frame, which they presented to the Institute. 

On motion, a special meeting of the Institute was called for 
Wednesday, the 24th inst., at 8 o’clock P.M., for the purpose of 
witnessing the operation of Hall’s Pulsometer, applied as a condenser 
for ordinary high pressure steam engines, and of an Automatic Re- 
lief valve for steam fire engines, the invention of Mr. John E. Prunty, 
of Baltimore. 

On motion the meeting then adjourned. 

J. B. Knieut, Secretary pro tem. 
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THE THEORY OF AERO-STEAM ENGINES.* 


By J. A. HENDERSON, M. EF. 

Among the possible forms of heat engines, it is probable that only 
those using steam and air as their working fluids, will continue as 
heretofore to be largely applied to practical purposes. The latter in- 
clude gas engines, as the coal gas used in them merely forms the sup- 
ply of fuel, and constitutes but a small fraction of the whole of the air 
required to act as a medium in the conversion of its heat of combustion 
into mechanical energy. A late publication refers to a French inven- 
tion in which the expansion of oil undergoing changes of temperature, 
furnishes the motive force, and theoretically all liquids and even those 
solids, as certain of the metals, adapted to withstand the range of heat, 


might be so applied, but the many difficulties incurred in their practi- 
cal use and construction, have prevented and will probably continue to 
prevent their introduction. The same may be said of ammonia en- 
gines, and bisulphide of carbon or other engines, where, in addition, 
special precautions have to be taken to guard against loss of their com- 
paratively expensive working substance. 


*[Eprroriat Nore —We publish the following paper as the first theoretical 
treatise on the Aero-Steam Engine which has appeared to complement the work of 
the late Professor Rankine on other heat engines. The article is abridged from a 
graduating thesis at the Stevens Institute of Technology, at the close of the college 
year 1872-73. 

The author, who has since been employed by the Delaware Iron and Ship Baild- 
ing Co,, Chester, Pa., has just accepted a position at the Baltic Iron Works, St. 
Petersburg, Russia, under Mr. E. J. Reed, C. B., the distinguished British naval- 
architect. His absence from the country has prevented his revision of the proofs. 
The paper has, however, been through the hands of his instructor, Professor Thurs- 
ton, and we trust will be found to contain no serious errors. 

The interest shown by engineers in the recent attempts of Warsop and others to 
introduce this engine will fully justify the publication of its theory, although the 
paper will be found more purely mathematical than those which we are accustomed 
te give a place to in the JouRNAL oF THE FRanKLIN InstITUTE. } 
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An inspection of the relative efficiencies of air and steam, that is to 
say, of the proportions of the whole heat entering those working fluids, 
which, under given practical conditions as to temperatures, pressures, 
ete., can be converted into mechanical work, shows an advantage in 
the use of air. This is connected with the difference between a fluid, 
which as employed undergoes change of state from the liquid to the 
gaseous form, and permanent gases. It is true, as will be further on 
more fully shown, that it is theoretically possible with the same 
range of temperature, to obtain the same maximum efficiency whatever 
be the working fluid, but practically the conditions required to reach 
this maximum are much more difficult to attain in steam than in air. 
The steam engine however possesses, so many general advantages over 
the air engine, such as compactness for a given power, and durability 
on account of the moderate temperature of the steam, even where high 
pressures are used, that it will probably never be more than supple- 
mented by any other prime mover. 


As each of the fluids in these two cases, seems to have its special ad- 
vantages, the question of some economic combination of the two was 
naturally suggested, and has been to a limited degree realized within 
the past few years. An increased efficiency in steam engines is said to 


have been attained by the injection into the boiler of a small amount 
of air previously passed through a heater, after the plan of Mr. War- 
sop, or of a portion of the products of combustion, properly freed 
from ash. 

This subject of the use of air and steam in mixture, in the so-called 
“ Aero-Steam Engine,” was discussed by the late Professor Rankine in 
a short article republished in “ Van Nostrand’s Eelectic Engineering 
Magazine,” for February, 1873, from a preceding number of “The 
Engineer,” aud entitled, “Remarks on the Theory of Air and Steam 
Engines.” 

Upon reading it about a year ago, the idea occurred to the writer, ot 
the possibility of enclosing in a boiler, a furnace with fuel undergoing 
combustion under pressure, as in ordinary “ Furnace Gas Engines” 
like Roper’s or Shaw’s, and of employing the joint products of com- 
bustion and steam for the working fluid, thus utilizing the whole of the 
heat from the fuel by saving the considerable portion which in common 
steam boilers is lost up the chimney, in addition to obtaining a further 
increase in efficiency from the air according to the statement already 
given. 
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In such a case the hot gases would first meet with the water after 
its formation into steam by the boiler proper. Carrying out the idea 
farther, the plan was suggested of injecting the hot products of com- 
bustion direetly into the water, so that if desirable a still greater por- 
tion of the heat might enter the steam. This would bear some analogy 
to the process of injecting air into the molten metal in making Bessemer 
steel, and to the method of boiling water by the direct injection of 
steam. 

Upon reference however to authorities, this idea was found not to be 
a new one. A patent dated in 1871, was taken out in England by a 
Mr. Adams, for a boiler embracing the fundamental points. It is 
nevertheless very elementary in form and does not seem to have its 
parts proportioned to their uses, as may be seen upon an examination 
of the drawing as given in Burgh’s recent “ Treatise on Boilers.” Mr. 
Burgh has evidently expressed his convictions without looking very 
deeply into the theory of engines used with such a class of boilers, as 
he concludes his description by saying: “ We here add that natura! 
laws are entirely at variance with the above theory, and therefore have 
no hesitation in saying that all the steam generated in that boiler would 
be required for the blowing engine ; consequently, the motive power is 
entirely absorbed in the ‘ working’ of the boiler only.” 

The only other boiler of the kind to be found, was deseribed in an- 
other part of the same work, having been patented in 1869 by Mr. 
Fox, an Englishman. It is a locomotive boiler to be used with liquid 
fuel, the air for combustion being compressed by a donkey engine with 
separate steam boiler, and thence passed through the fire-box and 
finally injected into the water. As will be seen on inspection of the 
drawing in Burgh’s treatise, this boiler also has many defects 
which indicate that it had not seen service. Two points especially 
striking in both of these plans, are the smallness of the pipes for trans- 
mitting the air, and the want of adequate provision for combustion 
under pressure and the injection of the products into the water. The 
volume of air necessary to furnish the fuel for boilers of the sizes 
represented, has been far under-estimated. 

Having examined those works that would be likely to give notices 
of such boilers, without further success than finding the above two 
impracticable examples, it is probable that none others, where the whole 
of the products of combustion are mixed with the steam, have been pa- 
tented, and is quite certain that none have come into actual use. 
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Mr. Warsop’s plan, where only a small percentage of air is injected, 
and which has been practically tried with increased efficiency, is one of 
quite a different nature. 

In making a general examination into the question of the advan- 
tageous use of aero-steam engines utilizing the whole of the products of 
combustion, and more especially into the feasibility of constructing 
boilers for such engines in a practical form, the investigation may be 
conducted under the following heads, 

1. To determine by the principles of thermo-lynamies, the theore- 
tical efficiency, together with those other quantities of practical import- 
ance which apply to air and steam when combined in this manner, under 
various conditions as to pressure and temperature, and with varying 
proportions of air in the mixture above that necessary for complete 
combustion of the fuel. 

2. To examine what form of mechanism would be fixed upon for 
a boiler to be constructed according to this plan, after full consideration 
of all these quantities, and to discuss the general feasibility of the pro- 
ject, pointing out in detail the possible advantages and the difficulties 
liable to be practically met with. 

It is proposed in the present article to treat the first only of these 
divisions, as embracing essentially a theory of aero-steam engines using 
the whole of the products of combustion from imprisoned fuel. The 
results of investigation into the last division may be published separ- 
ately at some future period. 

Previous to taking up the direct mathematical discussion of the 
subject laid out before us, it would not be out of place to make a few 
general remarks on the efficiency of air and steam, as used in separate 
engines, in order that we may be better prepared to infer the results 
which would occur upon their being used in mixture. 

The efficiency of the fluid of a heat engine is defined to be the ratio 
of the mechanical energy exerted by a given mass of the fluid in the 
engine, to the mechanical equivalent of the total heat supplied the same 
from the external source of heat. In order to realize the greatest pos- 
sible efficiency of the fluid in any heat engine, which when working 
between given limits of absolute temperature 1, and 7,, is known to 
have the value 

T.—T; 
T; 
or the ratio of the range of temperature to the higher absolute 
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limit, it is necessary that the whole reception of heat occur at the 
upper limit, that the whole of the rejection take place at the lower 
one, and as a further consequence, that the elevation of temperature 
between the two limits be produced by the expenditure of a suf- 
cient quantity of mechanical work, which same amount is given 
out again in expansion while «the working substance having received 
its supply of heat is falling in temperature to the lower limit. This 
maximum efficiency which was first demonstrated to exist by Carnot, is 
called by Professor Rankine, that of elementary heat engines. The 
difficulties arising in completely fulfilling the conditions of elementary 
heat engines have not been overcome in any of those engines so far 
constructed. The degree of approach to their practical fulfillment, 
varies considerably with the class to which the working fluid belongs. 

Among the several kinds of air or gas engines where the fluid very 
nearly obeys the laws of a perfect gas, this maximum efficiency may 
in certain cases be theoretically reached, as in the perfect air engine of 
Carnot, and in Ericsson’s and Sterling’s engines, by the use of the 
regenerator as deseribed in Rankine’s treatise, but the difficulties to 
be encountered in the transmission of heat through the cylinder walls 
or through a heater at high temperatures, have thus far effectually 
prevented either of these engines from coming into extensive use. 

In another proposed by Joule, the greatest theoretical efficiency is 
somewhat lessened on account of the exhaust necessarily taking place at 
a higher temperature than the induction atthe compressing pump, but 
certain practical advantages are obtained which have already pushed 
it far more into use than any of the others just mentioned. As 
originally projected, this engine has never been constructed, but by a 
little inspection it will be seen that all of the modern furnace gas-en- 
gines such as those of Roper and Shaw, as well as Brayton’s gas-en- 
gine, embody Joule’s fundamental plan, viz: 

First compressing the working fluid according to an adiabatic curve 
to an intermediate temperature, dependant upon the ratio of compres- 
sion and lying between that of the external air and the highest chosen 
limit, then supplying heat from the fuel to further elevate it to the 
upper limit, expanding with constant pressure to a point of cut-off, then 
carrying out the expansion without gain or loss of heat to atmospheric 


pressure, and finally exhausting at a constant lower limit of 
temperature, 


which, owing to the compression not having been carried on to the 
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upper limit and the whole of the additional heat there supplied, is 
higher, than in the case of the “ perfect engine.” The formula for 
efficiency remains the same as for elementary heat engines, being 

en vs | 


=<) e 
T, b 


but owing to the greater elevation of the exhaust temperature T,, its 
value is reduced for the same initial temperature 1, before expansion. 
The cycle of operations undergone in Joule’s engine is thus fully des- 
cribed as being applicable to the air part of an aero-steam engine 
worked upon the plan here to be discussed. 

The efficiency of an engine using saturated steam and expanding 
without gain or loss of heat would be that of an elementary heat en- 
gine were it not that a portion of the available heat supplied to the 
steam is wasted, so to speak, in elevating the feed water to the upper 
limit of temperature, the boiling point of water under the given press- 
ure. It has been pointed out that this waste might be avoided in a 
condensing engine by suddenly preventing further abstraction of heat 
by the condenser at such a point in the return stroke that the heat due 
to the work of compression for the remainder of the stroke, may, while 
at the same time condensing the residual steam, elevate its temperature 
to that of the water in the boiler ; the whole of the elevation will thus 
be produced by work of compression, and (for the same heat furnished to 
the steam) the work developed by expansion will be increased not only by 
an amount equivalent to this loss by compression, but by an addition- 
al quantity due to the increased efficiency of the engine as a whole. 
This mode of attaining the greatest theoretical efficiency is of course 
known to be entirely impracticable, but in the article “ Remarks on the 
Theory of Air and Steam Engines” before referred,to, Rankine pro- 
poses to produce an equivalent effect by making use of an excess of the 
heat of compression of air. The air would have to be in such quanti- 
ty for the whole heat developed by its compression from the atmos- 
pheric pressure to that within the boiler, as to be sufficient for heating up 
the feed water to the boiling point without cooling down the air below 
the same temperature. 


In the case of superheated steam, there is, as might be expected, an 
increased efficiency over saturated steam at the same pressure. But 
this increase by no means corresponds with that of the theoretical maxi- 
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mum efficiency as calculated from the limiting temperatures even when 
an allowance has been made for not heating up the feed water by me- 
chanical means. Thus there is given in Rankine’s treatise on the 
steam engine, an example of a condensing engine, where under an abso- 
lute boiler pressure of 34 Ibs per square inch, corresponding to a boil- 
ing point of 257°5° Fahrenheit, the efficiency of the steam when 
used in the saturated state was 0°128, and when further superheated up 
to 428° was 0145, being greater than the previous value only in the 
ratio of 1°18 to 1, whereas, according to calculations based merely on 
the range of temperature as for elementary heat engines, the ratio of 
increase should be between 2 and 3, the temperature of condensation 
remaining the same. The cause of the comparative smallness in this 
departure from the efficiency of saturated steam, even when superheat- 
ing is carried on to double or treble the actual range of temperature, 
seems to be that when the heat being supplied to any engine has once 
fallen in grade to any fixed lower temperature, it is impossible to get 
a theoretical maximum efficiency for this heat, corresponding to an 
upper limit higher than this temperature. In the present case of su- 
perheated steam, the great mass of the heat supplied is used in evapo- 
rating the water, and consequently can not have a maximum efficiency 
greater than that due toa range between the boiling point and the tem- 
perature of condensation, while only the remaining small fraction of 
heat used in superheating can really be considered in connection with 
the excess of temperature above the boiling point. This explanation 
would thus, in a general way, account for the comparatively slow in- 
crease in efficiency of superheated steam with temperature added in 
superheating, and it shows furthermore that for the same highest limit 
of temperature, steam will become more efficient in proportion as it is 
less superheated by increasing the pressure and so elevating the boil- 
ing point. These remarks will afterwards be made use of in explain- 
ing the increase of efficiency with pressure in the case of aero-steam 
engines. 

In taking up the subject proper of this essay, the question primarily 
to be considered, is to what extent air can be mixed with steam and the 
steam in the combined fluid efficiently condensed, or more particularly 
whether a boiler injecting into the steam such a proportion of air as 
the whole of the products of combustion, can be used with a conden- 
sing engine. 

The size of the lifting air-pump will of course have to be increased 
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in the direct ratio of the quantity of air introduced, and its volume 
must be that of the air to be ejected at the diminished pressure and 
temperature of the condenser. Where the proportion of steam largely 
exceeds that of the air, as in Warsop’s plan, it is very probable that as 
far as the air-pump is concerned, a condensing engine could be em- 
ployed, but in the present case although the resistance of the pump 
might be fully compensated by the increased efficiency, its volume 
would have to be so far increased as to render its use impracticable. 
This may be inferred from the results obtained by calculation in one 
of the subsequent examples, where although the least amount of air 
necessary for complete combustion was used, the condenser air-pump 
when single-acting would have to be 2°7 times, or when double-acting 
1°35 times the volume of the main double-acting aero-steam cylinder. 
The latter itself has to be made larger than if the steam alone were 
vielding the same power, by a volume about equal to that of the com- 
pressing pump for the boiler. There is also another element to be 
considered, which although advantageous for efficient expansion in un- 
jacketed cylinders, may put a stop to the use of condensation, even 
when but a comparatively small quantity of air is in mixture; and 
this is the retardation which the air offers to the transfer or rush of 
steam to the condensing surfaces. 

These two serious objections of size of pump and non-efficiency 
of condenser indicate that it would be here impracticable to make use 
of condensation, and on this account the calculations and formule will 
only refer to non-condensing engines. 

It might be here mentioned, that in such engines although the ex- 
pansion is not carried out beyond the atmospheric pressure, owing to 
the tension of the steam being but a fraction of that of the working 
mixture, the temperature of exhaust may be carried considerably below 
212° before condensation occurs, and the increased efficiency which a 
condenser commonly obtains by lowering the temperature of rejecting 
heat below that same point, thus partially realized. It might be 
wholly realized were the air in sufficient excess. 

The case to be discussed is thus restricted to that of a high-pressure 
aero-steam boiler and engine of the following general description : 

The boiler would be provided with an enclosed furnace, from which 
the whole products of combustion under pressure, would be injected 
into the water and there so lowered in temperature at the expense of 
further formation of steam, that when thoroughly mixed with all of 
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the steam formed, a given final temperature of super-heating would be 
produced. 

The engine would consist essentially of a main working cylinder 
using this mixture expansively to atmospheric pressure, an air compress- 
ing pump to supply the imprisoned fuel at the boiler pressure, and of 
the mechanism by which the two would be connected and the excess 
of work delivered. 

To be continued. 


[ Entered according to act of Congress, in the year 1873, by John Richards, in the 
office of the Librarian of Congress at Washington. | 


THE PRINCIPLES OF SHOP MANIPULATION FOR ENGINEERING 
APPRENTICES. 


By J. RicHarps, Mechanical Engineer. 


{Continued from vol. Ixvii., page 401.) 


Penciling is the first and the most important operation in drafting ; 
it requires more skill to produce neat pencil work than to “ ink in” 
the lines after the penciling is done. 

The beginner, unless he exercises the greatest care in penciling a 
drawing, will have the disappointment to find the paper soon becom- 
ing dirty from plumbago, and the pencil lines crossing each other at 
all angles, so as to give the whole a slovenly appearance. 

He will also, unless he stops to consider the nature of the opera- 
tion in which he is engaged, make the mistake of regarding the pen- 
cil work as a preliminary part, instead of constituting, as it does, the 
main drawing, and will thereby neglect that accuracy which alone can 
make either a good looking or a valuable drawing. 

The pencil work is indeed the main operation, the inking being 
merely to give distinctness and permanency to the lines. The main 
thing in penciling is accuracy of dimensions and stopping the lines 
where they should terminate, without crossing others. 

The best pencils only are suitable for drafting; if the plumbago is 
not of the best quality, the points require to be continually sharp- 
ened, and the pencil is worn away at a rate that more than makes 
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up the difference in cost between fine and cheap pencils, to say noth- 
ing of the effect upon the drawing. 

It is common to use a flat point for drafting pencils, but a round 
one will be found quite as good if the pencils are fine, and quite a 
convenience is gained by a round point for free hand use in making 
short rounds and fillets. 

A pencil by Faber that has detachable points, which can be set out 
as they are worn away, is convenient for drafting. 

For compasses the lead points should be cylindrical, and fit into a 
metal sheath without paper packing or other contrivance to hold 
them, and if an apprentice has instruments that are not arranged in 
this manner, he should have them changed at once, both for conve- 
nience and economy. 

The ink used in drawing should always be the best that can be 
procured ; without good ink the draftsman is continually annoyed by 
the imperfect working of pens, and the washing of the lines if there 
is shading to be done. 

The quality of ink can only be determined by experiment; the 
perfume that it contains, or tin foil wrappers and Chinese labels, are 
no indication of quality ; not even the price, unless it be with some 
first-class house. 

To prepare the ink, [ can recommend no better plan of learning 
than to ask some one who understands the matter. It is better to 
waste a little time in grinding than to be at a continual trouble with 
pens, which will occur if the ink is ground too rapidly or on a rough 
surface. 

To test ink, draw lines on the margin of the sheet, note the color, 
how the ink flows from the pen; after the lines have dried, cross 
them with a wet brush. If they wash readily the ink is too soft ; if 
they for a time resist the water and then wash tardily, the ink is 
good. It cannot be expected that inks soluble in water can perma- 
nently resist its action after drying ; in fact, it is not desirable that 
drawing ink should do so, for in shading, the outlines should be 
blended into the ti.ts where the latter are deep, and this can only be 
effected by washing. 

Pens fill themselves by capillary attraction if they are first made 
moist by being dipped into water; they should not be put into the 
mouth to wet them, as there is danger of poison from fancy inks, and 
the habit is not a neat one. 
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In drawing lines keep the pen nearly vertical, leaning just enough 
to prevent it from catching on the paper. Beginners have a tendency 
to hold pens at an angle, and drag them on their side, but this will 
not produce clean sharp lines, nor allow the lines to be made near 
enough to the square blades or set squares. 

In regard to the use of the T square and set squares, I van give 
no rules except to observe others, end experiment until convenient 
customs are attained. A beginner should be careful of contracting 
unusual habits, and, above all things, of making important discoveries 
as to new plans of using instruments, or that common practice is all 
wrong, and that it is left for him to develop the true and proper way 
of drawing. This is a kind of discovery which is very apt to intrude 
itself at the beginning of an apprentice’s course in many things beside 
drawing, and often Jeads him to do and say that which he will after- 
wards wish to recall. 

It is generally a safe rule to assume that any custom long and 
uniformly followed by intelligent people, is very apt to be right ; 
and, in the absence of that experimental knowledge that alone ena- 
bles us to judge, it is safe to receive such customs, at least for a time, 
as being correct. 

Without any wish to discourage ‘the ambition of the apprentice, 
which always inspires him to laudable exertion, I nevertheless think 
it best to caution him against innovations. The estimate formed of 
our abilities is very apt to be inversely as our experience, and old 
engineers are not nearly so confident in their deductions and plans 
as beginners are. 

A drawing being inked-in, we come next to dimension and centre 
lines. The centre lines should be in red ink, and pass through all 
points of the drawing that have an axial centre, or where the work 
is similar and balanced on each siue of the line. This rule is a little 
obscure, but will be best understood if studied in connection with a 
drawing, and perhaps as well remembered without further explana- 
tion. 

Dimension lines should be in blue, but may be in red. How and 
where to put them is a great point in drafting. To know where to 
put dimensions must involve a knowledge of fitting and pattern-mak- 
ing, and cannot be explained here; make faint lines, leaving a space 
in their centre for figures, when long enough. Study the distribution 
of centre lines and dimensions over the drawing, for the double pur- 
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pose of giving it a good appearance and to avoid confusion. Learn 
to make figures like printed numerals ; they are much better under- 
stood by the workman, look more artistic, and when learned take but 
little if any more time than plain figures. If the scale is feet and 
inches, write dimensions to three feet in inches, and above this in feet 
and inches ; this corresponds to shop custom, and is more comprehen- 
sive to the workman, however wrong it may be according to other 
standards. 

In sketches and drawings made by the apprentice, such as are not 
intended for the shop, it is suggested that metrical scales be used, 
because such scales will not interfere with feet and inches, and it 
will prepare the mind for the introduction of this system of lineal 
measurement, which is quite sure in time to be adopted in England 
and America, as it has been in many other countries. 

In shading drawings, be careful to put on little enough, and to put 
it in the right place; many will contend, and not without good rea- 
sons, that working drawings need no shading ; yet it will do no harm 
to learn how and where they can be shaded : it is better to omit the 
shading from choice than from necessity. Sections must, of course, 
be shaded—not with lines, although I fear to attack so old a custom, 
yet it is certainly a tedious and useless one ; sections with light ink 
shading of different colors, to indicate the kind of material, are easier 
to make and look much better. By the judicious arrangement of a 
drawing, a large share of it may be in section, which, in almost every 
case, are the best kind of view to work by. The proper coloring of 
these sections gives a good appearance to the drawing, and conveys 
the idea of an organized machine, or, to use the shop term, “ it stands 
out from the paper.”” In shading sections, leave a margin of white 
between the tints and the lines on the upper and left-hand sides of 
the section ; it breaks the connection and sameness, and the effect is 
striking; it separates the parts, and adds greatly to the clearness 
and general appearance of the drawing. 

Cylindrical parts in the plane of sections, such as shafts and bolts, 
should be drawn full and have a “round shade,” which, with blue 
tint, relieves the sameness of appearance, a point to be avoided in 
sectional views. 

Conventional custom has assigned blue as the tint for wrought iron, 
neutral or pale pink for cast iron, and purple for steel. Wood is gener- 
ally distinguished by “ graining,”’ which is easily done, and looks well. 
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The title of a drawing is a feature that has much to do with its 
appearance, and the impression conveyed to the mind of an observer ; 
and, while it can add nothing to the real value, it costs so little to 
make plain letters, that the apprentice is urged to learn this as soon 
as he begins to draw, not to make fancy letters, nor indeed any kind 
except plain block letters, which can be rapidly laid out, and conse- 
quently used to a greater extent. By drawing six parallel lines, 
making five spaces, and then crossing them with equidistant lines, 
the points and angles in block letters are determined; and after a 
little practice it becomes the work of but a few minutes to put down 
a title or other matter on a drawing so that it can be seen at a dis- 
tafice, and read at a glance in searching for sheets or details. 

~In the manufacture of machines, there are usually so many sizes 
¢and modifications, that the drawings must assist and determine, in a 
large degree, the completeness in matters of classification and record. 
Taking the manufacture of machine tools for example: we cannot 
well say, each time we want to speak of them, a thirty-six inch lathe 
without screw and gearing, a thirty-two inch lathe with screw and 
gearing, a forty-inch lathe triple geared or double geared, with twenty 
or thirty foot bed, and so on. To avoid this it is necessary to assume 
symbols for machines of different classes, consisting generally of the 
letters of the alphabet, qualified by a single number that designates 
capacity and different modifications. Assuming, in the case of engine 
lathes, that A is the symbol for iathes of all sizes, those of different 
capacity and modification would be represented in the drawings and 
records as A', A®, A®, A‘, and so on, the letter and numerals together 
requiring but two characters to indicate a lathe of any kind. These 
symbols should be marked, in large, plain letters, on the left-hand 
lower corner of the sheet, so that the manager or workman or any 
one else can see at a glance what the drawing relates to. This sym- 
bol should run through the time-book, cost account, sales record, and 
be the technical name for the machines, which should always be 
spoken of in the works by the name of their symbol. 

In making-up time a good plan is to supply each workman with a 
small slate and pencil, on which he enters his time as so many hours 
charged to the respective symbols. Instead of interfering with his 
time, this will increase the workman’s interest in what he is doing, 
and naturally lead to a desire to diminish the time charged to the 
various symbols. 
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When the symbols are added to a drawing, the next thing is the 
“pattern numbers.” These should be marked in prominent, plain 
figures on each piece of casting, either in red ink or other color that 
will contrast with the general face of the drawing. These pattern 
numbers, to avoid the use of symbols in connection with them, must 
include consecutively all patterns used in the business; these num- 
bers can extend to thousands without inconvenience. 

A book containing the pattern record should be kept by the head 
draftsman, in which these numbers are set down, with a short descrip- 
tion to identify parts to which the numbers belong, so that various 
details can at any time be referred to. Besides this description, there 
should be, opposite the catalogue or pattern numbers, ruled spaves, 
in which to enter the weight of castings, the cost of the pattern and, 
if needed, the amount of turned, planed or bored surface on each, 
piece when it is finished. 

In the same book the assembled parts of each machine should be 
set down, in a list, with its symbol and descriptive name, so that or- 
ders for castings can be made from this list without other references. 

This system is the best one known to the author, and is in sub- 
stance the plan now adopted in some of the best engineering estab- 
lishments. It may be susceptible of improvement; he hopes it is; 
but let the apprentice seize on the idea of some system at the begin- 
ning; any plan is better than none, and the schooling of the mind 
to be had in the observance of systematic rules is the great point in 
view. New plans for promoting system may at any time arise, but 
they cannot be at any time understood and adopted except by those 
who have cultivated a taste for order and regularity. 

In regard to shaded elevations, it may be said that photography 
has superseded them for the purpose of illustrating machinery, and 
but few establishments care to incur the expense of ink-shaded ele- 
vations. 

Ink shading cannot be done with various degrees of care, and in a 
longer or shorter time; there is but one standard for it, and that is 
that such drawings should only be made with great care and skill. 

A shaded elevation, although it may surprise and please the un- 
skilled, is execrable in the eyes of a draftsman or an engineer, unless 
it is a good one; and, as the making of shaded elevations can be of 
but little assistance to an apprentice draftsman, it is better to save 
the time that must be spent in order to make a good drawing and ap- 
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ply the same study and time to other matters of greater importance. 

It is not assumed that shaded elevations should not be made, nor 
that ink shading should not be learned, but to insist on the greater 
importance of other kinds of drawing, which is too often neglected to 
gratify a taste for picture-making that has but little to do with me- 
chanics. 

Isometrical perspective is often useful in drawing, especially in 
wood structures when the material is of rectangular sections and dis- 
posed at right angles, as in machine frames. One isometrical view, 
which can be made nearly as quickly as a true elevation, will show 
all the parts, and can be figured for dimensions the same as plane 
views. 

True perspective, although never necessary in mechanical drawing, 
may be studied with advantage in connection with geometry, and 
often lead to the explanation of problems in isometric drawing, and 
will also assist in free hand lines that have often to be made to show 
parts of machinery that are oblique to the regular planes. 

This far the remarks on drafting have been confined to manipula- 
tion mainly. Unlike most branches of engineering work, drafting 
must as an art consist mainly in special knowledge, and is not capable 
of being learned or practiced upon general principles. It is therefore 
impossible to give the learner much aid by searching after principles, 
and the few propositions that follow comprehend nearly all that can 
be explained in words. 

Geometrical drawings consist in plans, elevations and sections ; 
plans being views on the top of the object in a horizontal plane ; 
elevations, views on the sides of the object in vertical planes, and 
sections, views taken on bisecting planes, at any angle through the 
object. 

Drawings in true elevation or in section are based upon flat planes, 
and give dimensions parallel to the planes in which the views are 
taken. 


Two elevations taken at right angles to each other, fix all points 
and give all dimensions of parts that have their axis parallel to the 
planes on which the views are taken ; but when a machine is complex, 
or when several parts lie in the same plane, three and sometimes four 
views are required to display all the parts in a comprehensive manner. 

Mechanical drawings should be made with reference to all the pro- 
cesses that are required in the construction of the work, and the 
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drawings should be responsible, not only for dimensions, but for un- 
necessary expense in forging, fitting, pattern-making, and moulding. 

Every “‘ piece ’’ that is laid down has something to govern it that 
we will term a “ base,” some condition of functions or position that, 
if understood, will suggest its size, shape, and relation to other parts. 
By searching after a “base” for each and everything, we proceed 
upon principles, avoid error, and continually maintain a test of what 
is done. Every wheel, shaft, screw or piece of framing should be 
made with a clear view of the functions it has to fill, and there are 
always reasons why such parts should be of a certain size, have such 
a speed of movement, or a certain amount of bearing surface. These 
reasons or conditions may be classed as expedient, important, or 
essential. 

I now come to note a matter in connection with drafting to which 
the attention of the apprentice is earnestly called, and which if he 
neglects, all else may be useless. I allude to indigestion, and its re- 
sultant evils induced by drafting. All sedentary pursuits give rise to 
this trouble, but none of them can compare with drafting, where every 
condition in the way of promoting this derangement exists. 

In drafting, the muscles are at rest, circulation is slow, the mind is 
intensely occupied, robbing the stomach of its blood and vitality, and 
worse than all, the mechanical action of the stomach is arrested by 
leaning over the edge of the drafting board. I regret my inability to 
give any fixed rule to avoid this danger, but am at the same time 
confident that any apprentice who understands the danger can avert 
it by applying some of the logic which has been reconmended in the 
study of mechanics. We can conclude that if anything tends to induce 
indigestion, its opposite tends the other way, and will arrest it; if 
stooping over the drafting-board interferes with the action of the di- 
gestive organs, leaning back does the opposite ; therefore keep your 
doard as high as possible, stand at your work, and cultivate # constant 
habit of straightening up and throwing your shoulders back ; if possi- 
ble, take brief intervals of vigorous exercise. 

Like rating the horse-power of a steam engine, by multiplying the 
force into the velocity, we must estimate the capacity of a man by 
multiplying his mental acquirements into his vitality. Latent power 
is of no use, neither is latent knowledge or skill. 

Physical strength, bone and muscle, must be one of the elements in 
successful engineering experience, and a store of these things must be 
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laid in at the same time with a mechanical education, or it will be 
found that when ready to enter upon a course of practice, that most 
important element, the propelling power, has been omitted. 


PATTERN MAKING AND CASTING. 


Patterns and castings are so intimately connected that it would be 
difficult to treat of each without continually confounding them to- 
gether; it is therefore proposed to combine patterns and moulding 
under one head. Every operation in the pattern shop has reference 
to some operation in the foundry, and patterns considered separately 
from moulding operations would be incomprehensible to any but the 
skilled. 

Next to designing and drafting, pattern making is the most intel- 
lectual of what has been termed engineering processes—the department 
that must include the exercise of the greatest amount of personal 
judgment on the part of the workmen, and at the same time demands 
a high grade of hand skill. 

In every other department there are drawings furnished, and the 
plans of the work are dictated by the engineering department of ma- 
chinery-building establishments, but the pattern-maker makes his own 
plans for constructing patterns, and has even to reproduce the draw- 
ings of the fitting shop to work from. Nearly everything pertaining 
to patterns is left to be decided by the pattern-maker, who from the 
same drawings and through the exercise of his judgment alone, makes 
patterns that are durable and expensive, or temporary and cheap, as 
the probable extent of their use may determine. 

The expense of patterns should be divided among and charged to 
the machines for which the patterns are used, but there can be no 
constant rules for assessing or dividing this cost. A pattern may be 
used but once, or it may be used for years ; it is continually liable to 
be superseded by changes and improvements that cannot be predicted 
before hand ; and in making patterns the question of how much ought 
to be expended on them continually arises—a matter that should be 
mutually determined by the engineer and the pattern-maker, but is 
generally left to the pattern-maker alone, for the reason that but very 
few mechanical engineers study and learn pattern-making so well as 
to dictate the construction of patterns. 

To point out to the apprentice some of the leading points or con- 
ditions to be taken into account in pattern-making and which must be 
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understood in order to manage this department, I will refer to them 
in consecutive order. 

First.—Durability, plans of construction and cost, which all amount 
to the same thing. To determine this point, there is to be considered 
the amount of use that the patterns are likely to serve, whether they 
are for standard or special machines, and the quality of the castings 
so far as affected by the patterns. A first-class pattern framed to 
withstand moisture and rapping, may cost twice as much as another 
that has the same outline ; yet the cheaper pattern may answer almost 
as well to form a few moulds as the expensive one 

Second.—The cast and manner of moulding is determined by the 
patterns, which may be parted so as to be ‘rammed up’ on fallow 
boards or a level floor, or the patterns may be solid and have to be 
bedded, as it is termed ; pieces on the top may be made loose, or fastened 
on so as to ‘cope off;’ patterns may be well finished so as to draw 
clean, or rough so that the mould will require a great deal of time to 
finish after the pattern is removed. 

Third.—The soundness of such parts as are to be planed, bored and 
turned in finishing ; this is also a matter that is determined mainly by 
how the patterns are arranged, by which is the top and which the 
drag, or bottom side as determined by the manner of drawing, and the 
provisions for avoiding dirt and slag. 

Fourth.—Cores where used, how vented, how supported in the 
mould, and I will add how made, because cores that are of an irregu- 
lar form are often more expensive than the external moulds, including 
the patterns. The cost of patterns is often greatly reduced and some- 
times increased, by the use of cores, which may be used either to 
cheapen patterns, add to their durability, or to insure soundness in the 
castings. 

To be contioued. 


ON THE STRENGTH OF MATERIALS. 
By Chief Engineer Wm. H. Suock, U. S. Navy. 


In designing some boilers for high steam, I was anxious to obtain 
the necessary strength with a minimum amount of metal, economy of 
weight being a necessary, if not an absolute condition, and having no 
reliable data at hand from which to ascertain the “ detrusive strength” 
or resistance to shearing of certain size bolts, I instituted a series of 
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very carefully conducted experiments on bolts of various dimensions, 
under the two possible conditions in which they might be used in 
connection with the bracing of boilers, and for other purposes ; i. e., 
when used as shown in fig. 1, double cut, or as in fig. 2, single cut. 


The bolts, sixty in number, ( twelve each of the following shop di- 
mensions, viz., 1, {, #, § and 4 inch diameters) were forged in the usu- 
al manner without any reference whatever to the experimental tests to 
be made. The material used was the ordinary bar-iron of commerce, 
my great wish being to obtain the data sought for, under conditions of 
actual practice. 

When the bolts were received in the experimenting room, they were 
‘arefully measured with “ vernier calipers,” numbered, and drawings 
made of them with dimensions marked on. 

The testing machine used belonged to the Ordnance Department at 
the Navy Yard, Washington, and is an instrument of very delicate 
adjustment. 

The barometrical, as well as the thermometrical conditions, were 
uniform during the experiments. 

The attachments (see plate I—figs. a,a—b,b—c,c—and d) were 
hardened, the inner angles of the holes being slightly rounded, or 
counter-sunk, to avoid the otherwise “knife edge” being brought to 
bear on the bolts, thus bringing the experimental specimens under 
conditions approximating actual practice. 

The character of the fracture in the several specimens was singu- 
larly uniform ; those shown in plate I being correct exponents of the 
rest. 

The following tabular statement shows the results obtained; 
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RESULTS OF EXPERIMENTS ON SHEARING STRAINS OF IRON BOLTS. 
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EXPERIMENTS ON THE TENACITY OF MALLEABLE METALS AT 
VARIOUS TEMPERATURES. 


By M. A. Bauprimonr. 


[ Translated from the Annales de Chimie et de Physique, Series III, Vol. xxx, page 304, 
1850, by Chief Engineer, B. F. I U.S. N.) 


To THE EprtTor OF THE JOURNAL OF THE FRANKLIN [NsTITUTE:— 
Dear Str: The following memoir on the tensile strength of the 
principal malleable metals at different temperatures, addressed by its 
author to the Academy of Sciences at Paris, seemed to me to contain 
so much both curious and useful in engineering, that I have trans- 
lated it for the JourRNAL, as it has never before appeared in English. 
The results with iron in particular are very singular in many respects, 
proving that metal to be an exception within certain limits—and the 
only one so far as known—to the general law of decreasing tenacity in 
function of increasing temperature. 
The ingenious experimenter has omitted to state whether he experi- 
mented on the same piece of iron wire at the different temperatures, or 
on different pieces ; and, if the former, whether he experimented first 
at the lower and afterward at the higher temperatures, or the reverse; 
for, if he experimented with the same piece of wire, and at the lower 
temperatures first, as was probably the case, the results are not quite 
conclusive, as will appear from the following considerations : 

That no piece of iron wire has precisely the same tenacity at every 
point of its length, is absolutely certain ; consequently, there must be 
a weakest point, a next weakest, and soon. Now when the wire is 
first stretched to rupture, it will yield at the weakest point, showing a 
certain tenacity. If it be thus stretched again it will yield at the next 
weakest point, showing a greater tenacity than the previous one, and so on, 
showing for each successive stretching an increased tenacity. If the 
first stretching takes place at the lower temperature and the next at the 
higher one, the difference in the two tenacities shown, is attributed to 
the difference of temperature, whereas it may be due to the fact that 
the wire at the point of rupture in the second case, had, for equal tem- 
peratures, a considerably greater tenacity than at the point of rupture in 
the first case. What is really shown by such experiments, is the differ- 
ence of the tenacities at the two points of successive rupture with equal 
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temperatures, modified by the influence of the different experimental 
temperatures. 

The experiments made on the tensile strength of wrought iron in 
1837 by a Committee of the Franklin Institute, had first shown the 
anomalous fact of its increase with the increase of temperature between 
certain limits of the latter. And, in 1853, Mr. Fairbairn published his 
experiments, demonstrating the same truth. These, together with the 
experiments made by Baudrimont in 1843, and detailed in the follow- 
ing memoir, constitute all the knowledge we possess on the subject. 

In the experiments by the Committee of the Franklin Institute, how- 
ever, the same piece of iron was successively ruptured, and gave, as a 
general result just what might have been expected, namely, increas- 
ing tenacity at each rupture under ordinary atmospheric temperatures ; 
but the Committee failed to detect the reason, and left the naked fact 
standing in their tables without explanation. The experiments made 
by the Committee under high temperatures, were vitiated by the same 
cause, as they were made on the same piece of iron after it had been 
broken—often several times—under low temperatures. The Commit- 
tee did not perceive that the greater tenacity of the iron observed un- 
der the high temperature might be due to the fact that the iron was 
then necessarily fractured at a stronger point than under the preceding 
low temperatures ; but they compared, in all cases, the tensile strength 
obtained from the first trial under low temperatures, with the tensile 
strength obtained under the high temperature often after several frac- 
tures had been made under the low temperature and the weakest points 
thereby eliminated. The tenacity thus found under the high temper- 
ature, was of course, as much too great, comparatively, as the tenacity 
under the low temperature, for the number of fractures made, exceeded 
the tenacity at the first fracture under the low temperature. Yet, ob- 
vious as is this deduction, the Committee ignored it and attributed the 
entire increase of tenacity shown under the high temperature to the 
influence of that temperature alone, while, in fact, this increase was 
mainly, if not wholly, due to the elimination of the weakest points 
by the several previous fractures of the iron made under low tem- 
peratures. 

As far as I am aware, this fact of the necessarily increasing tenacity 
of the iron at successive fractures as a consequence of the continued 
climination of weaker points by each preceding fracture, is now point- 
ed out by me for the first time. The fuilure to perceive it, caused 
Professor Walter R. Johnson to attribute an actual increase of strength 
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conferred on the iron by the simple process of stretching, whereas this 
result was solely due to the removal of weak points. Combining 
this error with that of the increase of strength assumed to be due to high 
temperatures, but really due to the same cause, led him to propose what 
he termed the “ thermo-tension ” treatment of iron as a means of increas- 
ing its tenacity. The whole principle of his process, however, being 
based on fallacious assumptions, its practical application proved worth- 
less. 

The conditions under which the experiments of Mr. Fairbairn were 


made, and particularly the fewness of their number, do not, in my opin- 
ion, justify any positive conclusions. 

From a careful comparison of all the experiments I have been able 
to collect concerning the influence of temperature on the tenacity of 
wrought iron, there results that, between the temperatures of zero and 
550 degrees Fahrenheit, this influence is exactly null, developing the 
important practical fact that, between these limits, no provision need 
be made by the engineer for effect of differences of temperature. 

B. F. IsHerwoop, 
Chief Engineer, United States Navy. 


About sixteen yearsago, I conceived an idea that the laws of the cohesion 
of homogeneous substances, that is to say those laws which control the 
reciprocal action of their molecules, might be ascertained experimentally. 
The idea could not be immediately realized in consequence—as always 
happens in opening a new road—of the numerous obstacles to be in 
turn surmounted before advancing farther. In order, therefore, to over- 
come the difficulties that opposed the accomplishment of my project, I 
made a programme of the indispensable preparatory researches requir- 
ing completion before an approach could be even commenced toward 
my principal object which included the investigation of the constitution 
of wire-drawn metals, and of their elasticity and tenacity. In 1835, 
I had the honor to communicate to the Academy the researches on the 
constitution of wire-drawn metals, which have been inserted in the 
“ Annales de Chimie et de Physique,” 2d series, tome lx. 

There resulted from these first researches, that metals acquire per- 
manent properties only after careful annealing, and that the different 
methods of working them, such as hammering, rolling and wire-draw- 
ing, by causing notable changes in their volume, produce, at the same 
time, considerable modifications in their tenacity. 
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In April, 1837, I undertook experiments on the elasticity of metals. 
They were made by the method of stretching, for copper, iron, silver, 
platinum, gold, lead and tin. I found from those experiments, con- 
ducted by a process easy and exact to put in practice, that the length- 
ening of wire-drawn metals was proportional to the weights applied up 
to the instant of rupture ; a result which M. Wertheim has since ob- 
tained from a series of observations not less numerous and not less 
positive. 

I have not been able to publish these experiments because, in a theft 
committed at my house, the instrument used for measuring the relative 
diameters of the wires was stolen, and unfortunately I did not know 
its unit. Nevertheless, I had obtained sufficient results for the object 
proposed, and for even still more. 

It was only in 1843 that I could undertake the third set of experi- 
ments, the one relative to the tenacity of the metals and which is the 
subject of the present memoir, Since that date, M. Wertheim has pub- 
lished the results of researches analogous to mine, but as he did not 
experiment at the temperature of 32 degrees Fahrenheit, and has left 
omissions in relation to copper and palladium, besides not having oper- 
ated by the same process, I believe I ought to submit them to the 
judgment of the Academy. 

The metals experimented on were copper, gold, platinum, silver, 
palladium and iron. They were drawn into wire, and all, with the ex- 
ception of the iron, made to pass through the same hole. The iron 
wire was smaller, because otherwise it would have required too great 
a weight to fracture it. 

I operated successfully at 32 degrees Fahrenheit in melting ice, at 
212 degrees Fahrenheit in boiling water, and at 392 degrees Fahren- 
heit in an oil-bath heated very slowly, the temperature of which was 
measured by a mercurial thermometer. 

The wires had been annealed with a great deal of care, and were 
placed horizontally in a cast-iron vessel containing the liquid forming 
the hath. This vessel was suspended by weights attached to chains 
passing over pullies, which allowed it to be raised or lowered at will 
for conveniently arranging the wires within it. The furnace for heat- 
ing the liquid when operating at the high temperatures, was mounted 
on a wheeled frame-work so that it could be instantly run on one side 
in order to lower the vessel. 

The wires being small in diameter, and good conductors of heat, 
would evidently quickly acquire the temperature of the bath, and re- 
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main constantly at it notwithstanding the heat developed by the stretch- 
ing to which they were subjected. One of their extremities was fixed 
immovably to an iron support; and the other, by means of a light 
strong chain guided by three pullies, was attached to a zinc receiving- 
pan, into which dry sand was arranged to run from a box containing 
it, with a velocity controllable at will by a more or less inclination 
of the box. When the wire was ruptured, the zine pan, in falling, 
struck a handle which closed a valve that instantly arrested the flow 
of sand. The zine pan and the sand it contained, were then weighed 
on a well-made, strong, and very sensitive balance. 
The diameter of the wires was measured at the temperature of 60°8° 
Fahrenheit by callipers sensitive to the —- of an inch. 
The direct results of the experiments are given in the following 
tables: 
Diameter of the Wires at 60°8° Fahrenheit. 
Copper - - - - 0-017 716 860 inch. 
Gold - 0°016 240455 “ 
Platinum - 0°016 142028 ‘ 
Silver - 0°015679421 “ 
Palladium - 0°015 649893 “ 
Iron 0°006 889890 “ 


Experiments on the Tenacity of | of Wire-Drawn Metals at 32° Fahrenheit. 
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Experiments on the Tenacity of Wire-Diawn Metals at 212° Fahrenheit. 


| Duration of the | Weight, in pounds, 
Name of the Metal. Experiment in | producing rupture of | Mean of the Weights. 
Minutes & Seconds. the wire. | 
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$796 901 374! 
8671 231 354 | 
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Although the experiments recorded in the preceding tables were 
made under very favorable conditions for uniformity, it is none the less 
true that they present considerable differences in the results ; neverthe- 
less, these differences are within such limits as to show with precision 
that the tenacity of the metals varies with the temperature to which 
they are subjected, and according to determinable laws. 

In a theoretical point of view, the maximum tenacity obtained should 
be the nearest to the truth, for in the experiments there was nothing 
to inerease the cohesion of the molecules of the metals, while on the 
contrary, many circumstances might diminish it ; but in a practical point 
of view, the mean result must be adopted, for it has more chances to 
be correct in application. 

The following table has been constructed according to this principle; 
and it contains, additionally, the tenacity of the metals on which I op- 
erated caleulated for one square inch of cross section. This calculation 
permits, further, the comparison of the tenacities of the different metals 
with each other. [See page 44.] 

There results from these experiments: 

1. That the tenacity of each metal varies with the temperature. 

2. That, generally, it decreases—but not without exception—as the 
temperature rises, 

3. That for silver, it diminishes more rapidly than the tempera- 
ture rises. 

4. That for copper, gold, platinum and palladium, it diminishes 
less rapidly than the temperature rises. 

5. That iron presents a particular case and a very remarkable one. 
At 212° Fahrenheit, its tenacity is less than at 32° Fahrenheit, but at 
392° Fahrenheit it isgreater thanat32°. M. Wertheim has likewise ob- 
tained an analogous result. The experiments, furthermore, have been 
repeated a sufficient number of times to leave no doubt in that respect. 

If the tenacities be taken for ordinates,and the temperatures for ab- 
scissas, and the points thus obtained be joined by straight lines, there 
will appear by simple inspection of this graphic trace that, if the te- 
nacity of the iron ought to be represented by asymmetrical curve, the 
minimum of tenacity would fall a little below 212° Fahrenheit ; but 
should the variation in the tenacity of the metal be due to a new ar- 
rangement of its molecules, causing, as a consequence, a variation in the 
latent heat, then, by as much as that result is probable, should the min- 
imum of tenacity be beyond 212° Fahrenheit, and the line which rep- 
resents it ought to jut up suddenly and parallel to the ordinates. 
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Further experiments are indispensable for solving this problem, 
which is one of great interest not only in a theoretical point of view, 
but also because it appertains to the most commonly used metal, and 
the one always employed in the construction of steam boilers. 


THE MOON’S FIGURE AS OBTAINED IN THE STEREOSCOPE. 


By Cuas. J. WISTER. 


In a paper published some time since, in the “ Cornhill Magazine,” 
and republished, September last, in the “Living Age,” entitled 
“ News from the Moon,” a singular argument, and to my mind a 
singularly fallacious one, is put forth in confirmation of the figure of 
the moon as deduced from the calculations of the continental astrono- 
mer, Gussew, of Wilna. The article referred to is without signature, 
but as the author alludes to his correspondence with Sir John Her- 
schel, he no doubt speaks ex cathedra. 

The figure of the moon should be, as proved by Newton, an ellip- 
soid, her shortest diameter being her polar one, her longest diameter 
that turned towards the earth, and her third diameter lying nearly 
east and west, a diameter intermediate to the other two. Newton 
further found that her shortest diameter would not differ more than 
sixty-two yards from her longest—an insignificant difference surely 
in a body whose mean diameter is about twenty-one hundred miles. 

Gussew, however, comes in at this point with an assertion based 
upon measurements of De la Rue’s photographic copies of the moon 
at the extremes of her librations; and upon ocular demonstration 
derived from viewing these different perspectives of the moon’s image 
combined by the aid of the stereoscope, undertakes to subvert his 
great predecessor’s theory, and to substitute one of his own, founded 
on this very unreliable testimony. He asserts not only that the moon 
is egg-shaped, its smaller end being turned earthward, but that the 
point of this colossal egg rises seventy miles above the mean level of 
its surface. Now it is to the proof of this as derived from stereoscopic 
evidence that I take exception for reasons hereinafter set forth. 

The stereoscopic views of the moon are, as already stated, taken in 
the opposite stages of her librations, in order to obtain greater differ- 
ences of perspective than would be obtained if taken in the ordinary 
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way, where the separation of the two. pictures corresponds with the 
average distance between the eves of adults—four and a half inches; 
for this, it is evident, would give no more spheroidal appearance when 
viewed through stereoscopic glasses than is obtained by viewing her 
by unassisted vision, in which cases she appears as a disk only, and 
not asa sphere. With the same object—that of increasing the stereo- 
scopic illusion (for illusion only it is) it is not uncommon for 
photographers, when taking stereoscopic views of distant scenery, to 
avail themselves of the same means—that of unnaturally increasing 
the base of operations—and thus effecting a much greater apparent 
separation of the various planes of distance than really exists. The 
effect of this is to distort the picture painfully, advancing the middle 
distance boldly into the foreground—similar points being combined by 
the stereoscope much nearer the eyes than if the pictures had been 
taken in the normal way—whilst the foreground is seen so near that 
one feels it in his power almost to reach it with his hand. Another 
and more objectionable feature of this exaggerated perspective effect is 
that all near objects are dwarfed; men become pigmies; imposing 
mansions are reduced to baby-houses, and lofty trees become insignifi- 
cant bushes—the reason being that these objects, though seen at points 
much nearer the eye, subtend, nevertheless, the same visual angles 
as though seen at more distant points—points corresponding with their 
true position in the landscape—for the photographie representations of 
them are no larger, and therefore appearing nearer, and yet subtend- 
ing no greater visual angles, the impression upon the mind is that of 
smaller objects. Every one, I think, who has viewed stereoscopic 
pictures of distant objects, combining middle distance and foreground, 
must have witnessed this distortion. 

Now let us apply this principle of optics to De la Rue’s exaggerated 
stereoscopic perspectives of the moon, and what is the result? 

Sir William Herschel says, in illustration of the effect of stereoscop- 
ically combining images of our satellite taken at opposite stages of 
her librations, “it appears just as a giant might see it, the interval 
between whose eyes is equal to the distance between the place where 
the earth stood when one view was taken, and the place to which it 
would have been removed (the moon being regarded as fixed) to get 
the other.” Now this would all be very well provided the pictures 
produced were for the use of giants formed after the pattern proposed ; 
for they would see the stereoscopic image under exactly the same 
circumstances that they would see the moon herself in the natural way 
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with their widely separated organs—no greater change being required 


in the direction of the optic axes in combining similar points of the 
two perspectives than is required in viewing corresponding points of 
the moon’s surface by unassisted vision; but when these exaggerated 
perspectives are presented in a stereoscope to finite beings like our- 
selves, the effect is magical indeed. Then do near points of the moon 
protrude in a most alarming manner, threatening to punch us in the 
eyes, the whole presenting the appearance of an unusually elongated 
turkey’s egg. Neither the modest sixty-two yards of the immortal 
Newton, nor the more pretentious seventy miles of Gussew would 
satisfy her claims now; nothing, indeed, less than several thousand 
miles would represent the difference between her longest and shortest 
diameters thus distorted. 

Indeed, for a very pretty scientific toy, with which De la Rue has 
supplied us, this distortion of the moon’s image is of little moment. 
The curious are, no doubt more pleased with it than if it appeared in 
its true proportions—for figures generally are more admired the less 
nearly they conform to nature’s lines—but that men of science, even 
great men, should accept this delusive and distorted image as a basi= 
for serious investigation of the figure of our satellite, conscious of the 
manner in which pictures producing this image are taken—and, though 
forwarned, should not be forarmed—passeth my understanding. It 
is but another instance of the too great avidity with which world 
renowned philosophers seize upon the most unreliable evidence from 
which to draw conclusions most important to science, thus shaking the 
faith of those who have hitherto looked upon them as infallible. 


ON THE MECHANICAL PROPERTIES OF MATERIALS OF CON- 
STRUCTION. 
And on Various Previously Unobserved Phenomena, Noticed during Experimental Researchcs 
with a New Testing Machine, with Autographic Registry. 
{Read before the Am. Soc. Civil Engineers, April 4, 1874.] 
By Pror. R. H. Tuurston. 


[Continued from Vol. LX VII, page 430 ] 
Section II. 
21. The manner in which this reduction of internal strain occurs, 
by continued stress at the limit of elasticity, as here observed, may be 
readily conceived. 
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When the metal is thus strained, many sets of molecules are placed 
in positions in which they exert a maximum effect tending to produce 
molecular changes which may equalize the originally irregular distri- 
bution of inter-molecular stresses. After a time, the change actually 
takes place by “ flow,” and the resisting power of the piece becomes 
- increased, and its limit of elasticity raised, simply because its forces 
are now no longer divided, and may act together in resisting external 
forces. The diagram itself exhibits the best evidence of the occur- 
rence of flow, but it is also shown by an inspection of the broken 
specimen, as in Figures 6, 7 and 11, of Section I. 

Tt was at first suspected that an action had been detected in this 
phenomenon, similar to that by which the “‘portative force”’ of a 
magnet is increased by loading its keeper more and more heavily 
until it becomes “supersaturated.” It is not impossible, perhaps 
not improbable, that the two cases are similar, in some respects, this 
behaviour of the cohesive force in the present example, aiding to 
produce the extraordinary increase of resisting power here observed. 

A comparison of the ductility registered by samples variously 
treated lends some confirmation to the supposition, formerly expressed, 


that, in ail cases, the resilience does not increase in the same propor- 
tion as the increase of mean resistance, as a consequence of sustained 
stress, and this, if a fact, may possibly be considered as corroborat- 
ing the idea just suggested.* 


* Since the above was written, the Journal of the Franklin Institute has, in 
the issue for March, 1874, given an account of experiments made by Com’d’r 
Beardslee, U.S. N., during which metal strained beyond the elastic limit by 
tension, exhibited a gain of resistance at a position of earliest set, ¢. ¢., an 
elevation of the elastic limit, from 23,075, to 26,100 pounds per square inch, 
13.1 per cent., in seventeen hours. The material was bloom iron turned ap- 
proximately to one-half square inch section. 

A very important fact noted by the experimenter is that an apparent positive 
action was observed in the metal under strain by which the scale beam was 
actually thrown up by a force measuring 125 pounds. If this observation is 
not erroneous, or, if the action was not due to some accidental circumstance, 
we may have here a measure of the intensifying effect above described. 

Commander Beardslee has communicated to the writer the experimentel 
confirmation of the fact, deducible from the explanation here given, that this 
release of internal strain occurs to a nearly equal extent if the strained piece 
is simply laid aside for a similar interval after it has been given a set. 


Nore.—In further confirmation of the increase of resistance to strain, caused by 
permitting a metal to rest after the first application, I offer the following, taken at 
random from my test book: One link Pembroke iron made into form for service, 
13-16, pulled first time to 185,000 lbs., when it broke the proving chain ; the next day 
it was ed again until broken, standing the extraordinary strain of 262,200 lbe., 
other links from same bar — broken very uniformly at about 240,000 Ibs. 

From uniform bars of 1} inch chain iron (Pembroke), a number were left un- 
broken, after a day’s testing, having broken shackles, end links, etc., at from 90 to 
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The discovery of this elevation of the elastic limit in all metals 
examined is also probably confirmatory of this idea. 

If the explanation, just offered, of the apparent strengthening action 
of prolonged stress is correct, the conclusions of Vicat are not over- 
thrown, although evidently not fully justified by his own experiments, 
and although the intervening forty years of engineering practice have 
not produced evidence which may be considered as confirmatory of 
them. 

The same molecular movement, or flow, which rearranges the in- 
ternal forces and relieves internal strain, may be a phase of that 
viscosity which Vicat supposed might in time permit rupture of metal 
subjected to stress nearly approaching its original ultimate resistance, 
the one action being a more immediate result than the other, and the 
latter producing its effect, even when cohesive force may have been 
actually intensified. 

Should this prove to be the fact, it would seem allowable to con- 
clude that the forces of polarity and cohesion are not identical. The 
cause of the apparent increase of strength of iron, with increase of 
temperature, is seen to be explained by this relief of internal strain, 
which occurs most readily at high temperatures. 

The experiments of the writer have not indicated the possibility of 
continued flow, and, consequently of ultimate rupture, except under 
stress, increasing in intensity up to the full maximum resistance of 
the material.* They do not, therefore, confirm Vicat’s deductions, 
and the inference would seem, on the contrary, to be—that structures 
of metal do not become weakened with age, except as injury occurs 
by corrosion, or by overloading. The experiments of Roebling and 
his opinion, as expressed in his report on the Niagara Suspension 
Bridge, are apparently correct. 

Kirkaldy, also, concludes that the additional time occupied in test- 
ing certain specimens of which he determined the elongation “ had no 
injurious effect in lessening the amount of breaking strain.”{ Ax 


100,000 Ibs. Of the links which were broken the first day, none went over 100,000 lbs. 
The next day the unbroken ones were submitted to pulls until broken, and now went 
under 100,000, and then ran up to 102, 106, 108, and in one link, on the sixth pull, 
to 114,200 Ibs. L. A. BEARDSLEE. 

* Compare Kirkaldy— Experiments on Wrought Jron and Steel—pp. 62-69; 
also see the plates given by Styffe, exhibiting curves for tension. 

¢ Journal Franklin Institute, 1860; Vol. XL, p. 360. 

t Experiments on Wrought Iron and Steel, pp. 62, 83. 

Vou. LX VIII.—Tarep Sertes.—No. 1.—J xy, 1874. 
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examination of his tables shows those bars which were longest under 
strain to have had highest average resistance. 

22. Wertheim supposed that greater resistance was offered to 
rapidly, than to slowly, produced rupture; Kirkaldy concludes that 
the contrary is the case. Redtenbacher* and Weisbach} assume thie 
law of resistance to be the same beyond the limit of elasticity as 
within it, and deduce formulas for resistance to shock which are 
widely inaccurate. 

The experiments of the writer prove that, as had already becn 
indicated by Kirkaldy (whose results, however, had been looked on 
by many of the profession with some suspicion), a lower resistance is 
offered as the stress is more rapidly applied. This conspires with vis 
viva to produce rupture. 

This is seen at w, No. 101, Plate 11I, where a sudden increase of 
velocity produced a depression of the line, at the angle 110°, and it 
is exhibited in a much more marked degree in No. 118. 

In the latter example, the strain was gradually applied until tlie 
point a was reached, when, with a suddenly applied force, a motion 
estimated at about one-tenth of a foot per second, was obtained and, 
immediately at 5, the resistance fell off very considerably, the pencil 
dropping toc. Again resuming the slowest movement, about one 
hundredth of a foot or less per second, resistance rose again tod. A 
repetition of the rapid movement between d and b', was followed by 
a loss of resistance again from 0 to c', and, as is seen by the diagram, 
this occurred whenever the experiment was repeated. At &, distor- 
tion by a very slow movement was resumed, and continued until the 
specimen broke. Here we have, probably, the first direct determina- 
tion of this question, in which the effect of vis viva does not appear. 

We may, therefore, conclude that the rapidity of action, in cases 
of shock, and where materials sustain live loads, is a very important 
element in the determination of their resisting power not only for the 
reason given already in paragraph 3 of this section, but because the 
more rapidly the metal is ruptured, the lesg is its resistance to rupture. 
This loss of resistance is about 15 per cent.{ in No. 118. 

The cause of this action we may presume to bear a close relation to 
that operating to produce the opposite phenomenon of the elevation 


* Der Maschinenbau, Vol. I. t Mechanics of Engineering, etc 
t~ Compare Kirkaldy, p. 83. where experiments, which are possibly affected 
by the action of-vis viva indicate a very similar effect. 
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of the elastic limit by prolonged stress, and it may probably be simply 
another illustration of the effect of internal strain. 

With a very slow distortion, the “flow ” already described occurs, 
and but a small amount of internal strain may be produced, since, by 
the action noticed when left at rest, this strain relieves itself as 
rapidly as produced. A more rapid distortion produces internal 
strain more rapidly than relief can take place, and the more quickly 
it oceurs, the less thoroughly can it be relieved, and the more is the 
total resistance of the piece reduced. Evidence confirmatory of this 
explanation is found in the fact that bodies most homogeneous as to 
strain exhibited the least of these effects. 

It does not seem impossible that, at extremely high velocities, the 
most ductile substances may exhibit similar behavior, when fractured 
by shock, or by a suddenly applied force, to substances which are 
really comparatively brittle. 

In the production of this effect, which has been frequently observed 
in the fracture of iron, although the cause has not been recognized, 
the inertia of the mass attacked and the actual depreciation of resist- 
ing power just observed, conspire to produce results which would 
seem quite inexplicable, except for the evidently great concentration 
of energy here referred to, which, in consequence of this conspiring of 
inertia and reduced resistance, brings the total effort upon a com- 
paratively limited portion of the material, producing the short fracture 
with its granular surfaces, which is the well known characteristic of 
sudden rupture. 

Any cause acting to produce increased density, as reduction of 
temperature, evidently must intensify this action of suddenly applied 
stress. 

The liability of machinery and structures to injury by shock is thus 
greatly increased, and it is quite uncertain what is the proper factor 
of safety to adopt in cases in which the shocks are rapidly produced. 
This uncertainty must remain until further experiment shall be made 
the basis of a correct mathematical expression of the natural laws in- 
volved in the problem. 

Meantime the precautions to be taken by the engineer are : To pre- 
vent the occurrence of shock as far as possible, and to use in parts 
exposed to shock, light and elastic members, composed of the most 
ductile materials available, giving them such forms as shall distribute 
the distortion as uniformly and as widely as possible. 

23. The behavior of materials subjected to sudden strain is thug 
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seen to be so considerably modified by both internal and external 
conditions, which are themselves variable in character, that it may 
still prove quite difficult to obtain mathematical expressions for the 
laws governing them. It is not improbable, however, that an ap- 
proximation, of sufficient accuracy for all cases which frequently 
arise in practice, may be obtained by a study and comparison of ex- 
perimental results obtained, as above, by the method here adopted, 
and one which seems peculiarly adapted to the work. 

A carefully conducted series of experiments giviug quantitative 
results would be of great value. Without such a research no reliable 
knowledge can be obtained of the law of depreciation, and no useful 
formulas can be devised for use in calculation. The experiments 
made by the writer are not yet sufficiently numerous or precise to 
serve as data from which to deduce equations. 

24. Tue Exasticity or tHe Metats.—The examination of the 
“ elasticity line ’’ will be found to present some facts of interest. 

It will be seen that, in every case, the line produced by the de- 
scent of the pencil is not precisely coincident with that formed by its 
rise. This is not due to the friction of the machine, as that would 
‘ not cause the decided difference observable in the form of the curve. 
It may be partly due to the fact that the set produced is partly tem- 
porary.* 

An attempt was made to determine its law by the following method . 

A steam gauge having a recording apparatus, in which the paper 
was moved horizontally, at a uniform rate, by a well-constructed 
clock, was kindly furnished by the Messrs. Edson, of the New York 
Recording Gauge Co. 

This was set up by the side of the machine, upon a stand on which 
could be clamped the test piece. The latter carried a light, long 
pencil holder, so arranged as to traverse the paper in a direction at 
right angles to that of the motion given it by the clock. An angular 
motion in the specimen of 005° would be readily observed. The 
specimen was given a degree of torsion of from 10° to 360°, in differ- 
ent cases, and was then rapidly transferred to the stand, where the 
restoration of form would record itself upon the moving paper, form- 
ing a curve of which the ordinates would represent the restoration of 
form, and the abscissas would be proportional to the time. 


* Morin, Resistance des Matertaux, p. 10. 
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In all cases observed, the restoration of form, by loss of temporary 
set, was so rapid as to have become completed before the specimen 
could be placed in the recording apparatus, and the record made a 
straight line invariably. 

The conclusion which has finally been deduced from a study of the 
diagrams obtained is, that the peculiar feature here alluded to is a 
consequence of an internal molecular friction, the existence of which 
has already been long suspected by the writer, and probably by many 
other experimenters. 

An illustration of a similar action probably occurs in the behavior 
of iron under magnetic action. Magnetization produced in bars of 
various qualities of iron and steel during important researches of Dr. 
Joule* and Prof. Tyndall,+ proved this behavior to be common to all, 
when the change of form was produced, within a very minute range 
even, by magnetic foree. Dr. Mayer has more recently{ examined 
this peculiar form of molecular action with great skill and thorough- 
ness. Its existence is undoubtedly well proven, and the lines, above 
referred to, on the strain-diagrams seem to exhibit its effect very clearly. 
Possibly the rise from f to g, No. 118, Plate IIT, is due to sueh frie- 
tion. 

25. The evident proof found, in the parallelism of all elasticity 
lines in each diagram, of the fact, first noted by some of the earliest 
experimenters in this field, that elasticity remains quite unimpaired 
up to the point at which rupture commences, has been already 
adverted to. 

Coulomb describes a series of curious and instructive experiments 
which may assist in determining the molecular action occurring in 
these instances where great distortion and great permanent displace- 
ment of particles takes place without loss of elasticity.§ 

He found this to oceur, not only with metal wires, but with threads 
of fine clay, 1-12 of an inch in diameter and 11 feet long, which could 
be twisted 5} turns repeatedly without set and without apparent loss 
of elasticity. Turning the thread through a wider range of torsion, 
it always returned but 5} revolutions, and in each new position of set 


exhibited the same elasticity as before. 
4 

* Philosophical Magasinc, 1874. t Researches on Diamagnetism, etc., 1870. 

t “ Effects of Magnetism in changing dimensions of iron and steel bars,” by A. M. Mayer, 
Ph. D.; Stevens’ Institute of Technology, 1872. American Journal of Science and 
Arta, 1873. 

3 Lecture Notes on Physics, Mayer; Journal Franklin Institute, 1868. 
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The explanation of this action, as illustrated by the strain diagrams 
of Plates II and III, and by Coulomb’s experiments, is probably 
also to be found in the phenomenon of flow of solids. The restora- 
tion of cohesion, in bodies actually separated, exhibits the extent to 
which this action may proceed. Two freshly cut surfaces of lead 
when brought together with a moderate pressure cohere firmly ; and 
plates,of glass, laid one upon another, sometimes “seize” each other 
so firmly that they are cut and worked as one piece.* The welding 
of iron is another and a very familiar illustration of the same action. 
Cohesion may therefore be actually destroyed and renewed, and mole- 
cules may move among each other, changing completely their relative 
positions, without loss of either strength or elasticity. 

The results of these experiments on metal are important as exhibit- 
ing the error of the opinion hitherto entertained by many physicists 
and engineers, among whom was the writer,} that straining metal 
might weaken it, even when rupture did not commence, and even 
where no condition of internal strain was induced. It has been here 
shown that elasticity remains unimpaired, and resistance continually 
increases up to the point at which incipient fracture takes place. No 
well proven exception to this law has been observed. 

26. While comparing the inclination of the elasticity lines with 
the initial line, to determine the pressure and the amount of internal 
strain, it has been noticed that more or less strain seems almost in- 
variably to exist, but that the amount, as indicated by the difference 
in inclination of the two lines, is not always as well shown by the 
greater or less curvature of the initial portion of the diagram. The 
probable reason would seem to be that this strain is not always uni- 
formly distributed. Were the strain considerable and uniformly 
distributed, the initial line would be strongly convex toward the base 
line, and would have the parabolic form. Absence of strain is indi- 
cated by a straight line rising regularly to the elastic limit, or, in 
many cases where the elastic limit is very low, and when the material 
is inelastic and flows without tendency to recoil, concave toward the 
base, and parabolic. Irregularly distributed strain would modify the 
parabolic curve, and the amount of strain would determine the total 
curvature. “ 

The initial and elasticity lines have, therefore, great interest as_re- 


* Miller, Chemical Physics, p. 67. + Journal Franklin Institute. 
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vealing important and otherwise unrecognizable properties of the ma- 
terial. 

It has been remarked that the difference of inclination just referred 
to, proves the truth of the assertion of Hodgkinsén that every load 
produces a set. It can now be readily seen why this should usually 
be the fact, and also that, although it is true, it does not necessarily 
indicate injury of the material. 

Since, in its ordinary state, many sets of particles are usually in a’ 
condition of maximum strain, the slightest application of external force 
to the piece will destroy the existing equilibrium among these conflict- 
ing forces within the mass, producing a change of form, and either 
rupturing or producing a flow of those particles which are most strained, 
and thus causing a new condition of equilibrium, the piece returning 
only approximately to the original form when relieved. The greater 
or less the applied force, the greater or less the number of displaced 
particles, but it is only when the set becomes nearly proportional to 
the distortion that it assumes the character in which it is looked upon 
as a serious effect. 

With perfectly homogeneous materials, free from internal stfain, no 
such action would be noticed, and the earliest set would occur beyond 
the elastic limit, which limit is here considered to be attained when the 
set becomes proportional to the distortion. 

27. The very minute range of distortion within the elastic limit is 
shown by the strain-diagrams very beautifully. This point is usually 
reached with the first 5° of torsion, and where internal strain has been 
eliminated it is frequently found within 2°, the corresponding exten- 
sion being much less than 0001. 

Captain Rodman, who has made the most delicate determination 
yet published,* detects a set of 0-000,001,4 after an extension of 0-000, 
27 in a specimen of cast-iron, and the elastic limit, as here defined, is 
reached after an elongation of about 0°0003, the point not being how- 
ever, very accurately determinable on account of the insensible change 
of rate, as already observed, in the strain-diagrams of cast-iron. 

The immense magnification on the strain-diagrams, obtained with 
the torsion machine, of the elongation at the commencement of the 
curve, enables the behavior of the materials within this minute, yet 
most important, portion of the entire range tobe perfectly represented 


* Experiments on Metals for Cannon, ete. Rodman, pp. 157-167. 
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and permits its examination in a most satisfactory manner. 

28. THe INFLUENCE oF Variations OF TEMPERATURE.—The 
effect upon the mechanical properties of metal of variations of tempe- 
rature has long been a subject of debate, and one which has not even 
yet been satisfactorily settled by experiment. 

A priori it would appear that, in a perfectly homogeneous material, 
entirely free from internal strain, change of temperature would produce 

-an alteration of strength and of ductility which would both be the 
reverse, in direction, of the variation of temperature. 

The forces acting to produce mechanical changes being, probably, 
cohesive force, on the one hand, resisting external forces tending to pro- 
duce distortion or rupture, while the force produced by the energy of 
heat-motion conspires with external force to produce that distortion, 
and the molecules being, at every instant in equilibrium between the 
force of cohesion on the one side, and the sum of the other two forces 


mentioned, on the other, variations of form must ensue with every 
change in the relative magnitudes of these forces. A change of tempera- 
ture produced by an increment of heat energy, it would appear, must 
produce a reduction of cohesion by separation of particles, and the op- 


posite change must cause an increase of cohesion by their approxima- 
tion. Increase of temperature, by reducing the range of action of 
cohesion by separating particles, and causing them to approach the 
limit of reach of cohesive force, would reduce ductility, and the oppo- 
site change of temperature would increase extensibility. ‘The effect on 
resilience, the product of ductility and strength, would evidently be 
still more marked than the variation of its factors. 

The peculiar behavior of zine, and the often observed brittleness of 
iron, at low temperatures, have given cause for doubting the truth of 
the above statement, and until the phenomena accompanying variations 
in homogeneousness of structure and composition, and the introduction 
or removal of internal strain, have been very thoroughly investigated, 
it cannot be anticipated that the subject will become well understood . 
The character of polarity, that force of which the presence constitutes 
the distinguishing difference between solids and liquids, remains to be 
determined, and its determination may be expected to throw important 
light upon this subject. 

Experiments of both physicists and engineers have failed, up to the 
present time, to give as much, and as precise information as is needed 
to determine satisfactorily what rules should govern the proportions 
of structures, whether carrying dead loads or subjected to shocks or 
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blows, at any given temperature below the usual range, or even at 
the low temperatures to be met during every winter in the latitude of 
New York. 

Ina paper recently published* on “ Molecular Changes produced by 
Variations of Temperature,” the writer gave the results of a careful in- 
vestigation of the experimental work previously done, by both philoso- 
phers and engineers, in researches bearing upon this important question. 

29. The conclusions, as there reached, were the following :— 

1. That the number and the nature of those molecular forces which 
determine the physical condition of matter are not yet fully ascertained, 
but that these forces manifest themselves in, at least, three distinct 
modes of action, and, as thus exhibited, they are known as repulsion, 
cohesion, and polarity. 

2. That the force of repulsion is, apparently, heat, motion, or some 
closely related phase of energy. That the force of cohesion bears 
some resemblance to that of gravitation, but seems not to be identical 
with the latter, and that the force of molecular polarity, which deter- 
mines the molecular relations of position, seems to bear some distant 
relation to that of magnetic polarity. ' 

3. That the law which governs the variations in intensity of these 
forces with changes of intermolecular distances, is undetermined, and 
that it has not been expressed by any mathematical formula, except 
approximately and for a limited range. 

4. That the magnitudes of the intermolecular spaces, and conse- 
quently, the volume of any mass, are variable with changes in the 
relative magnitudes of the forces of cohesion and repulsion. 

5. That the resistance offered to change of form is determined by 
the relations in intensity of the forces of polarity and those forces 
which determine intermolecular distances. 

6. That, at the “absolute zero” (— 461-2° Fahr.), cohesion, and 
consequently the strength of the material has, probably, its maximum 
value, heat-energy having disappeared. 

7. That, at very high temperatures, heat-energy exerts a separating 
force upon particles, which entirely overcomes the other forces, and 
matter, assuming the gaseous state, requires the action of extraneous 
forces to preserve its volume unchanged. 

8. That, at intermediate points, matter, in either the solid or the 
liquid states, exhibits a definite degree of separation of molecules 


* Iron Age, June, 1873; Van Nostrand’s Magazine, July, 1873 ; Jour. Frank. Inst. 
1873; London Jour., Jan., 1874. Also in pamphlet, p. 29. D. Van Nostrand, 
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which is determined by the intensity of the repulsion due to heat- 
motion, a position of equilibrium being assumed, which, with the same 
substance, is invariable for the same temperature. The application of 
some kind of force is required to disturb this equilibrium and to pro- 
duce change of volume. The amount of this force is determined, for 
any given extent-of disturbance, by the maximum value of cohesion 
for the substance and the quantity of heat which has been required to 
raise it from the absolute zero of temperature. 

The sum of the applied force, and the force consequent upon the 
presence of heat-motion, must exceed cohesive force to produce dila- 
tation, while this cohesive force, added to externally applied force, 
must exceed the force of repulsion to produce diminution of volume. 

9. That the distinction between the solid and liquid states of matter 
seems due to the action, in the former, of the force of polarity, which 
gives stability of form, while, in the latter, this force is extremely 
feeble, disappearing altogether when the boundary line between the 
liquid and gaseous states is reached. 

That combined stability and elasticity of volume may be produced 
by the equilibrium of attractive and repulsive forces, but that stability 
and elasticity of form demand the coexistence of cohesion and polarity - 

10. That the general effect of increase or decrease of temperature 
is, with solid bodies, to decrease or increase their power of resistance 
to ‘rupture, or to change of form, and their capability of sustaining 
“dead” loads, 

11. That the general effect of change of temperature is to produce 
change of ductility, and, consequently, change of resilience, or power 
of resisting shocks and of carrying“ live loads.” This change is usually 
opposite in direction and greater in degree than the variation simulta- 
neously occurring in tenacity. 

12. That marked exceptions to this general law have been noted, 
but that it seems invariably the fact that, wherever an exception is ob- 
served in the influence upon tenacity, an exception may also be detect- 
ed in the effect upon resilience. Causes which produce increase of 
strength seem also to produce a simultaneous decrease of ductility, and 
vice versa. 

13. That experiments upon copper, so far as they have been carried, 
indicate that, (as to tenacity), the general law holds good with that 
metal. 

14. That iron exhibits marked deviations from the law between or- 
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dinary temperatures and a point somewhere between 500° and 600° 
Fahr., the strength increasing between these limits to the extent of 
about 15 per cent. with good iron. The variation becomes more 
marked and the results more irregular as the metal is more impure. 

15. That above 600° F. and below 70°, the general law holds good 
for iron, its tenacity increasing with diminishing temperature below the 
latter point, at the rate of from 0°02 to 0°03 per cent. for each degree 
Fahrenheit, while its resilience decreases in a higher but not well deter- 
mined ratio for good iron, and to the extent of reduction to one-third 
its ordinary value, or less, at 10° F. when cold-short, and, in the latter 
case, the set may be less than one-fourth that noted at a temperature of 
84° Fahr. 

16. » That the viscosity, ductility and resilience of metals are deter- 
mined by identical conditions, and that the fracture of iron at low tem- 
peratures, has, accordingly, been found to be characteristic of a brittle 
material, while at the higher temperatures, it exhibits the appearance 
peculiar to ductile and somewhat viscous substances. The metal breaks 
in the first case, with slight permanent set and a short granular frac- 
ture, and in the latter with frequently a considerable set and a form of 
fracture indicating great ductility. The variation in the behavior of 
iron, as it approaches a welding heat, illustrates the latter condition in 
the most complete manner. 

17. That the precise action of the elements with which iron is liable 
to be contaminated, and the extent to which they modify its behavior 
under varying temperature, remain to be fully investigated, but that 
the presence of phosphorus, and of other substances producing “ cold 
shortness,” exaggerates to a great degree, the effects of low temperature 
in producing loss of toughness and resilience. 

18. That the modifications of the general law with other metals than 
iron and copper, and in the case of alloys, have not been studied, and 
are entirely unknown. 

19. That these conclusions are sustained by experiments of both 
physicists and engineers. 

“The practical result of the whole investigation is that iron and cop- 
per, and probably other metals, do not lose their power of sustaining 
‘dead’ loads at low temperatures, but that they do lose to a very se- 
rious extent their power of sustaining shocks or of resisting sharp 
blows, and that the factors of safety in structures, need not to be increas. 
ed in the former case, where exposure to severe cold is apprehended, 
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but that machinery, rails, and other constructions which are to resist 
shocks, should have larger factors of safety, and should be most care- 
fully protected, if possible, from extreme temperatures.” 

30. The conclusions above given were deduced from the physical 
investigations of Boscovich, Coulomb, Henry, Powell, Cagniard de la 
Tour, Andrews, Faraday, Wartmann ,Robinson, Gaudin, Thompson, 
Rankine and others, and from the more purely technical researches of 
Professors Johnson and Norton, Fairbairn, Kirkaldy, Brockbank, 
Joule, Spence, Styffe and Sandberg. 

An apparent discrepancy of results from which some experiments 
seemed to indicate weakness, and others strength of metals as a conse- 
quence of reduced temperature, was explained by the fact that those 
which seemed to prove the first conclusion, were cases in which the 
metal was tested by blows, and those proving the reverse were tests 
made by steady strain. The deduction (11), made above, that the 
result of change of temperature, by producing changes of ductility, 
which were the reverse of those produced in tenacity, and that thesame 
bar might thus exhibit a higher resistance to static stress while less ca- 
pable of resisting shock, explained the seeming contradiction. 

31. It was evident that, to determine satisfactorily the real effect 
of changes of temperature, it was necessary to obtain a series of experi- 
mental determinations of the simultaneous action of such variations upon 
both strength and resilience. Such experiments could readily be made 
by the method here pursued, and a considerable number of observa- 
tions are represented by strain-diagrams on plate ILI. 

In these experiments, the machine and the test pieces were placed in 
the open air, where, changing in temperature with the atmospheric 
changes, no error could arise by transfer of heat during the experi- 
ments. The machine and specimens submitted to test were always of 
the same temperature. 

The mildness of the past winter has precluded the determination of 
the behavior of iron at temperatures very far below the freezing point, 
the lowest reached being 10° Fahr. 

This is the more to be regretted since, as will be seen, there exists a 
possible change of law near the Fahrenheit zero, and it is extremely 
important to ascertain whether this indication of an anomaly arises 
from irregularity in the quality of specimens, nominally of the same 
grade, or whether it is a real variation of the effect of change of tem- 
perature. 
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As no previously made experiments combine, in the manmer here 
presented, the various effects of heat upon the mechanical properties of 
the metals, the results obtained are given as a beginning, and the con- 
clusions which are deduced from them are given as merely probable, 
while it is to be hoped that other members of the profession, who may 
be so situated that they can readily continue the work at points in the 
north and north-west where a temperature far below zero is reached, 
will make more complete and instructive researches during succeeding 
winters. 

It is apparently quite impossible to avoid error if the attempt is 
made to experiment with specimens cooled down by freezing mixtures, 
and the writer would only feel justified in presenting the results of 
out-of-door work. 

32. Referring to Plate III, the strain-diagrams of the best, and of 
medium tool steel, of German and double shear, of the several grades 
of iron and of copperand bronzeare given, for temperatures from 70° 
down to 10° Fahr. A diagram is also given in which the horizontal 
scale of the plate is taken to represent absolute temperatures on a one- 
fourth scale, and at ordinates representing respectively 10°, 18°, 25° 
and 70°, the resistances of the several specimens are laid off, and dot- 
ted lines connecting them indicate the rate of variation of strength 
with temperature. 

It will be seen that with the single exception of a scrap gray cast 
iron, presumably unusually impure ( Nos. 25,26 ),the effect seems inva- 
riably to have been a simultaneous increase of both strength and duc- 
tility with decrease of temperature to 18° and usually to 10° from 70° 
Fahr. In the case of the cast-iron, the increase of tenacity and redue- 
tion of ductility at the lower temperature are equally well exhibited, 
and the result is a slight decrease of resilience. 

It will be noticed that the general trend of the lines in the diagram 
prepared for comparison of results, is very evidently towards a point 
on the seale (250°), corresponding to a temperature of 1000° above 
the absolute zero, at which point were the diminutions proportioned 
to temperature, the metals would lose all cohesion. Since, however, 
the law as determined approximately by the Committee of the Frank- 
lin Institute, is expressed by a parabolic equation, the fact that their 
melting points are nearer 3000° or perhaps 4000° Fahr. above the 
absolute zero, does not conflict with the results of experiment. 

33. Comparing the several specimens of “ good cast-steel,” it is 
found that the four ( Nos. 46, 47, 49, 50), whose strain-diagrams are 
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given, evidently differ nearly as much in their individual properties as 
in their alteration by temperature. The two pieces tested at 70° Fahr. 
give a mean of strength, ductility and resilience, which is less than 
either of the other specimens. The strongest piece was broken at 18° 
while that tested at 10° is very nearly its equal in that respect, and is 
more than 10 per cent. better in extensibilityand nearly ten per cent. 
superior in resilience. The difference between the specimens tried at 10° 
and 70° (average of the two ) is about 15 per cent. in ductility and 
resilience,and rather more than 5 per cent in tenacity. The piece test- 
ed at 10° has a limit of elasticity exceeding that of the specimens test- 
ed at 70° in about the same proportion. 

The double shear steels are irregular, as would be expected from 
their method of production, but the greatest ductility is shown by the 
specimen tested at 25° F’., and the greatest tenacity by that broken at 
25° also. The weakest is that tested at 70°, its loss of strength, duc- 
tility and resilience being very striking. The position of the elastic 
limit varied with that of the ultimate strength. “German” (English) 
steel exhibits greatest strength at 18° (No. 60 ), greatest ductility at 
70° ( No, 58 ) and greatest resilience at 25° ( No. 25). 

_ “Medium crucible” steel seems strongest at 18° Fahr., most duc- 
tile and equally resilient at 25°, and weakest, least ductile and least 
resilient at 70°. Nos. 78, 54, 70 are their strain-diagrams. 

Swedish irons ( No. 99 and 100) were tried at 25° and 70°, and the 
result is again that the greatest resistance and greatest extensibility 
occur at the lowest temperature, the difference here amounting to some- 
thing less than 10 per cent. at the elastic limit and about one-half as 
much at the maximum. 

A piece of common iron was selected by the blacksmith from his 
stock as “the worst specimen of cold short iron in the shop.” The 
two specimens, Nos. 130 and 132, were taken from the bar and tested 
at 10° and 70° Fahr. respectively, with a result which is unexpected- 
ly similar to those already given in the variation of ultimate strength, 
ductility and resilience. The increase of strength at the lower tem- 
perature is apparently nearly 15 per cent. the increase of ductility 
about the same, and the increase of resilience 30 per cent. At the 
elastic limit this is reversed, however, the specimen tested at 70° 
showing the highest elastic resistance. That broken at 10° exhibits 
a very considerable amount of internal strain, to the presence of 
which may be attributed the exceptional behavior of these pieces. 
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A similar difference but opposite in direction and in less amount is 
noticeable in the Swedish irons, Nos. 99 and 100. 

Copper, Nos. 133 and 134, and bronze, Nos. 137, 138, beth show 
a considerably greater strength at 10° than at 70° and a slightly im- 
proved ductility. The increase of tenacity and resilience amounts to 
20 per cent. and 30 per cent. respectively, the ratio being slightly 
greater at the limit of elasticity. 

Cast-iron exhibits, the most striking increase of tenacity, the ratio 
of inerease being above 30 per cent. and in ductility having a mean 
value of 50 per cent. One specimen, No, 25 C, has a serious defect 
of internal strain, but eliminating that by cutting off the sharply cur- 
ved lower portion of the line, it would coincide very exactly with the 
companion specimen, No. 25 D, broken at the same temperature, 25°. 

34. It would seem, after a study of these experiments and after a 
comparison with those described by other experimenters, that, although 
a considerable irregularity, due to differences in material nominally 
of identical character, tends to obscure them, that we may feel some 
confidence in drawing the following conclusions in modification and 
extension of those already given in article 29: 

20. That, with pure, well-worked metals, the principle enuncia- 
ted in article 29 is fully illustrated, and a decrease of temperature is 
accompanied by increase of strength, ductility and resilience. 

21. That materials which are impureand irregular in character may 
exhibit exceptions to, and even reversals of, that principle in changes 
of ductility and, while increasing in power of resisting simple stress, 
may lose their power of resisting shock, by a diminution of temper- 
ature. 

We may hence feel confidence that, with really good iron or steel, 
we are not exposed to seriously increased danger of failure of struc- 
tures at such low temperatures as frequently occur in this latitude. 

There is no reason to believe that the familiar effect of phosphorus 
in “cold-shortening” iron and steel, when cold, has its maximum 
effect at ordinary temperatures. The experiments of Sandberg would 
seem to prove this effect to be intensified continually with decrease 
of temperature. 

35. Since the above research was concluded, the writer has become 
indebted to the thoughtful kindness of Mr. Chas. Francis Adams, 
Jr., for reports, one of which is that of the Mass. R. R. Commis- 
sioners for 1874 containing (page 144, e¢ seq.), the result of an inves- 
tigation of the cause of rail breakage on a considerable number of 
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railroads in the United States and Canada. The conclusions given 
are that “cold does not make iron or steel brittle, or unreliable, for 
mechanical purposes,” and that “it was not the rule that the most 
breakages occur on the coldest days.” The introduction of steel, in 
place of iron rails has caused an almost complete cessation of the 
breakage of rails (p. 150). 

The deduction which would seem proper in comparing these latter 
statements with the work of Sandberg would seem to be, simply, that 
the latter experimented with cold-short rails. The same conclusion is 
given in Sandberg’s own statement of the difference between Welsh 
and French metal.* 

36. We still require, to give us reliable information regarding ex- 
ceptional cases, a series of experiments to determine the action of 
excessively low temperature, and whether the apparent change of law 
near the Fahrenheit zero is a natural or a artificial phenomenon. We 
need to learn precisely the effects of sulphur, phosphorus, and silicon at 
extremely low temperatures. We need, also, and especially, to learn by 
experiment whether extremely low temperatures occuring during our 
winters, produce aserious effect upon iron and steel by the introduction of 
internal strain as the material decreases in volume and increases in density. 

The uncertainty still existing as to the extent to which increased 
density at low temperatures and reduction of tenacity under sudden 
strains at all temperatures—phenomena which have been revealed but 
not measured during the investigations here described—will be recog- 
nized by every member of our profession as one which it is exceedingly 
important to remove. It is hoped that it may not long remain, for 
it is evident that, although perhaps improbable, it is not impossible 
that, notwithstanding the increase of both tenacity and ductility by 
reduction of temperature, these causes may still conspire to produce 
increased tendency to yield before shock at some unknown low tem- 
perature. 

37. The peculiarities of fracture, which have been alluded to, are 
exhibited in the accompanying Plate. 

Figures 15 and 16 exhibit the behaviour of a bar of iron made at 
Catasauqua, Pennsylvania, as broken by Mr. Oliver Williams, at 70°, 
and again at 20° Fahr. It is selected from among the specimens in 
the cabinet of the Stevens Institute of Technology. The fracture at 
70° (Figure 15) has the fibrous fracture and all the characteristics of 


*P. 157, conclusion 3; p. 158, line 4; p. 32, Noa. 21, 24. 
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what is generally considered a tough and ductile iron. That at 20° 
(Figure 16) resembles the break produced by a quick blow in good 
iron, or by any treatment at ordinary temperatures of a cold short 
iron. Were the conditions stated not known, it would be supposed 
that irons like Nos. 1 and 16, Figures 5 5 and 6, were combined in a 
single bar. 

Figures 18 and 17 illustrate strikingly the difference between the 
specimens of copper, Nos. 87 and 133, which have been already des- 
eribed and of which the strain-diagram of the one is shown in Plate 
II, and of the other in Plate 111. No. 87 was cast in green sand, and 
broken at 70° F., while the other was made from the same ingot, but 
cast in dry sand and broken at 10° Fahr. 

The first is unsound in structure in consequence of the dampness of 
the mould and exhibits a peculiar radiated texture which is probably 
due to the same cause. The second is distinguished by its compact 
homogeneous structure probably due to the freedom of the mould from 
vapor and gases. It presents a beautiful crystalline fracture which is 
probably due partially, if not principally, to the low temperature at 
which it was broken. 

These fractures are extremely interesting from the strongly typical 
features which they exhibit as characteristic of the peculiar conditions 
under which they were produced. 


LO AT ORR 


RESUME. 


37. dn resume, a review of this investigation of the nature of, and 
the influences affecting, the distortion and rupture of metals, it would 
seem allowable to accept, as extremely probable, the following 


GENERAL CONCLUSIONS: 


1, That accurate strain-diagrams, in which the behavior of the 
material, as distortion progresses, and especially about the elastic limit, 
afford a means of acquiring valuable information respecting the 
strength, elasticity, homogeneousness, ductility, and resilience of 
materials, and of tracing the modifications induced by variations of 
treatment and of composition 

2. That internal strain plays a most important part in determining 
the behavior of materials strained by either static or dynamic stress. 

3. That the time, during which applied stress acts, is an important 
element in determining its effect, not only as an element which modi- 
fies the effect of the vis viva of the attacking force and the action of 
Vou. LX VITI.—Tarep Sertes.—No. 1.—Jury, 1874. 5 
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inertia of the piece attacked, but, also, as modifying seriously the con- 
ditions of production and relief of internal strain by even simple 
stresses. 

4. That with good materials, cold does not produce injury, but 
actually improves their power of resisting stress and increases their 
resilience. 

6. That the influence of impurities, of various methods of manufac- 
ture, of changes of density with temperature, and of the causes which 
produce a concentration of the action of rapidly produced distortion 
and of quick blows, are subjects which still require careful investiga- 
tion. 

7. That experiment confirms the theory as to the behavior of 
materials, homogeneous in composition, structure, and strain, as ex- 
pressed @ priori in 27, and hence a probable deduction that the force 
of molecular repulsion is heat motion. 


SECOND CHEMICAL AND SANITARY REPORT UPON THE WATER 
SUPPLY OF THE CITIES OF NEWARK AND JERSEY CITY. 


By Proressor Henry Wurtz. 


( Corrected and prepared for this Journal by the Author. ) 


[Continued from Vol. LX VII, page 436.] 

5. The Rockaway River,—This stream runs through three towns 
of some size, Dover, Rockaway and Boonton. A smaller place also, 
Denville, imparts its drainage. Beginning with Boonton, I do not 
know whether the canal receives, on the level below the Boonton 
plane, any of the drainage of lower Boonton, but if so, this can 
easily be directed into the lower Rockaway. The main difficulty 
appears to be above Boonton, at Powerville, where the canal crosses 
and coalesces with the stream, the latter being brought up to the 
level of the former by the dam at that place. Thus the canal is 
made to partake of such contaminations as are brought down from the 
towns and population of the valley above. Whether by extinguish- 
ing the Powerville water-rights, and removing the dam, the two could 
be separated at this point, and the river conducted under the canal, 
is a question for the engineers to decide. The stream between 
Powerville and Dover, when observed during July, was seen to be 
opalescent and particularly offensive to the smell and taste, but 
during September it was perfectly limpid, inodorous and tasteless. 


eS Se | 


* 
- 


Cave y toe tO ad eer Vw” sovroe °F |? ove we ; w Se eowrev eV VVe wwe i Veer Vow 
LE1L-0 F-ZFPLE vA Lee-FOL «=| «gtccT =| | loIseet =| ~eg0rze F6-999 009 6=— | «Oke | OS | Og 
8999-0 L-610¢8 ” ecP- LOL LOIG-T SSFSI | 9 6g8¢¢ 99-689 009 0-98F | OOF | § 
6689-0 0-LL9ZR * ZGG'R6 SPSF-1 81¢-81 6-LOL8F LE-OFF 009 O-elt ©-33 sl 
ZEZS-O €-R0Z08 ” [PL-6 } L8ot-l 689-E1 | L-GhOZt 99-698 009 G-O8t | @1S |) OL 
FI¢ES-0 L-ZLREL ” OG8 98 FL1£98-T | 099-81 | T-S8L0F ZL-OLE 009 0-01F | O6F | I¢ 
1699-0 F-B0ZLL ’ OFZ: 16 96 689-81 G-RB80C 9: COG oe O-LIF | O-9T {F 
1869-0 8-FG68L ” 96-86 OLSF-1 ooS-SI | ¥-ZOLPS 9-089 ose G-SéF 06 | oF 
$9290 8091-0 9S0L-0 L-60008 ” 998-6 Odi | 9F¢-8T L-8¢F9¢ 79-089 009 0-024 | £08 | 9% 
OFFL-O 61LL-0 9-C L908 ” 809-6 SLoF-l GES-S1 | 69882¢ 69-G¢9 009 @-Gig | BF | ST 
68ZL:0 Z81L-0 8-62908 ” RE6-S6 | ELOF-T 6LF-SI | [T-O88L¢e 29-089 00¢ o-ZF | &-66 


= 
N 
29 
x 
oO 
as 


io 
% 
g 
= 
—_ 
7) 
_ 
} 
20 Of 6 Oo SH 
> 
-_ 
2 


2 
i 


a 
22 90 90 
sox 
I~ 0 
= 
ao 
— 
GY 6D 09 0D 


| 
9696-0 2069-0 6-L8FZ8 ” 192-86 9FSF- I S8r-st | = LLE699 0-298 OSe G-86E | 0-08 | Og Z @Tl fF 
L80-01T | GLI¢-0 8L99-0 ©-StR18 ” 78-16 GOSF-L 9SF-S1 | @-96LE¢ £0-L88 Og 0-29 | 966 ZF 
#Z09-0 9801-0 L-SFSZ8 ” 609-86 | BSS I PEPSI | O-Z6PRY FE-8Z28 OOF O-96F | @LZ 
6FL-601 Leeo-0 eIZL-0 8-RFOZR ’ 961-16 FOLE-1 cSF-et 6} lL 6LI6G GL ILL OSs O-EFS | OZE > OF 
| @L1L-0 G-FOOTS me 98-96 9OLF-T OFFI | L-GRIe¢ STL ogg G-LO¢ | OL | 8% 
LOF-86 SLI9-0 999-0 G-Z9GIL | ” F68-88 988-1 669-81 GZLOLF $6-129 OSF G1 PF O-1E 1.01 G6 cP Ol | » ” ” 
| | 
| 
| 


= 
> 
~~ 
N 
_— 
7 
_ 
_ 


-——_— 

—— 
— 
x4 
T~ 
+ 
N 
_ 
_ 


109-26 £169-0 999-0 F1980L | ” 8F0-88 | GLo8-T | OL-E1 0: 1L0ZLF P6-1LE OOF G-P9E G18 F 
988-16 OBIL-O 099-0 F-6880L ” | G6F-Z8 Size-l | OL-8I 9-OLEOF P6-9FS O04 -PF O-1F | 98 


cD 
_-— 
? 
™~ 
a | 
| Sd 
oD 
2 
- 


682-16 9GFL-O 1999-0 =| B-FZZOL CO ” | FL0-68 | S9ts-T | (FL-81 8-ZE6EF P6-1Z9 OSS 0-OLF O-1g | 
OL9-06 999.0 | 19990 | 1-CHRGD r | @6rI8 | O18-T | FOL-8T 6-FZLEF 46-96F | Ogg G-GGF | 9-81 | 
OL9-88 PrISO 86, = 8979-0 9-LEERD " RPL-GL 8166-1 GBL-S1 8-H68ZF [Soh 009 0-688 C06 | OL 
769-98 1648-0 | OLLG-O 8-1LEh99 " | BPG-LL 9F9GT =| GIBB 6- BEEBE o0l98 86] | (OM O-FZ8 -$8 | 
Zo0¢-0 Z-636F9 ’ | GL6-GL Osta-l | S81 GCGORZE 18-862 OOF O-F Lz G-L9 | gg 
9BZF-O 9 1L6Z9 ” | 19LBL ag1@-1 668-81 o-F199z 00-18% Og 0-698 0-F8 | St 
8Z9F-0 866199 ” | OO189 | I90T-T 6F0-F1 L-c66re =| «(00-18% O-8Lz 
SLIS-0 q- LE L9¢ ” 9FE-F9 | 96ET-T [10-F1 @ZLL8Z | (OO 18% OSL 0-6S¢ 0-06 
F99-BL | 6GI8L0 (| 619¢-0 6-S9GL¢ ” | 616-99 LL8I-L | 9%0-F1 GSLLIE | 69 68¢ 00g 0-Z0F 0-98 | ZI 
STS-8L TSl0 8 = LL9¢-0 #-SZ6LE * ' $09-99 StFil 886-81 8-FR8ZE 69-F9S 00¢ O-LUP | O-§¢ g 
886-82 lO GLLe-0 8 LFGRS ” Z00-L9 ZOST-L | (096-8T 6 FING | 69-685 OS ¢-6LF 
S99-FL 9069-0 = = OZBS-0 0-ZO88E ” 889-19 698TT | GZL6-RT GECCFE =| OO FIF OOF G-F98 | O-FG by 
#00-92 8299-0 1889-0 G-68 166 ” | = 600-89 LIOt-t | LL6-81 {-908FE | 69-68 00¢ “GL 1 O@ | LS 
898-92 089-0 =| =: OZBE-0 8-LEF6G ” GZE-R9 S99T-1 €16-81 £-OO9FE 69-F9F 00¢ 0-90¢ & oF 96 
S18-CL ISO | IFS-0 @ LPR6¢ ” SFL-89 LOLT-T 616-81 826868 GL-B3E OOF 0-16¥ | &@88 | OT 
699-99 | O0TS-0 eor-0 L-LOOSF ” $19-TS 6196-0 | O6I-FI SZHLIZ «=| «|= OOHRS OSPF 0-1¢¢ | £08 Lg 
9ZLF-O 6°SLESF R9Z-B9 LIG-1¢ 9196-0 826-F 1 SFVFIG =| = (99 6% 00¢ 9-919 0-61 LY 
88-96 129-0 BLE-O L-SLGSF ” LLUTg [196-0 882-FI SBLSle 99-F8Z OGL O-FFL | 9 
T8@- FE COLO = BLEE-O 6-ZELEF ” L80-0¢ tL 46-0 GFE Fr 8 86| =6(8 NOS6T 69-866 O¢F 0-L88 | ob | g 
669L0 IFlF-0 ©: F90FF ” 869-6F £0F6-0 S86-FL | G6 OFZBT | 69-861 OSh G-898 | $79 | Le | OOF 
LE-0 0-9ELEF ” 60G-6F 8926-0 6L6-FL | F-8I99T 69-8LT 009 0-868 | oc | 19 
68-0 9EFE-O 9-O8FEF ” 069-8F | 1666-0 28-FT «=| | OBZOFLE =| 69-BFT OOL & FES GST | 
GF8Z-0 L-9GLEF ” 86-LP L0G6-0 608-FL =| Lé6RIZL =| 00-911 Osg G- 168 | O-B¢ L$ 
| 


1Z | Ol OT 0% ol dd ” ” 


2 
= 
: = 
a 
s 
3 so 
= 
< 
FRSSSSSSSSSAESSSSSSSSS: 


oO G-1¢ « ol 


N 
aos 
pa 
> 
& 
~ 
Nm) 
=> 
Oo 
7 


- 
oS 
~ 
Y 
ve) 
of 
nN 
7 


: 
: 


te) 
~ 
tm) 
—) 
=) 
Ss oO 
Tn) 
~ 
6 
er 
N 


S 


—-) 
~ 
4 
x 
vn) 
“> 


% 


00-8 ©-OL ! ” ” 


2329 
N i 
N N 
WHAS 
Cr--SDBOOOwOOo oom 


~ 
i 
a al 
a 


QOS i-SBDWDwowooe 
Yen) 
~ 
- 


i 
. 
- 
a 
. 
- 


re) 
: 
= 
> 
S 
wD» 


Nn 
io) 
* 
> 
. 
: 
- 
. 


= 
tm] 


ARRRAS 


2] | 0686-0 G-OBEEE ZLE-BY GRt- LE eF16-0 GL8-F1 99186 | 00-06 O86 0-9¢9 | oF 

298-261 ese9-0 | BLO 6199621 ‘ OLF-89T CLOLS 6.4971 | 929896 | LD-FIST OSPF g-LEG O-L 

| OFTS-0 O-1STe1 9 LOL-991 FLOLS 9ILZE | 1LOLOL | se-aogt | O0%F GI8h 8 =6| $08 

GL 16T 8 §=—- HTL BBL OGOTEL vs O&L-99T LEOLZ SOLZI =| = BRESBOT | GG-STRT OgL $889 =| OZB 

| PRBL-O 7828-0 Z-99 108 | fe 260-991 E860-% 999-21 0-018L01 Go06ZL =| (OSD 0-98¢ Oso | OL 

892-681 | Z6LL-0 1ZkR-0 G-O1S6Z1 ” 999-891 ZIRO-G GILZi |S 8 LOLLOT GGeSlol 009 0-809 O-F9 | 8g 

| i LZFS-O 0Z18-0 8-FLO9ZI we £08-091 8190-Z C89-Z1 0-66080L | LEPLOL | 008 0-LZ9 | 8 | $F 
f 6L9- 181 660L | | 809796 rs 988-911 9199-1 16G-€1 00¢ 0-696 — OGF | 

1140-281 LI99-0— | BIZL-O 229196 . 669-911 [F99-1 6FE-E1 2-69869 LePLOL =| (OOF 0-995 «=| 98h | 9 


SS 


-Ce SreDaom 
i 


ec 
a NOR RH OR EN 
a) 


2o'9 


= 
oO 
Ht << 1 1D 10 2 


ES 
4 
3 
= 
oa 
i 
$ 
—) 


2 


™ 
N 
“a oo ct 


| T6LL-0 8-LOZ96 ” 921 OTT 9699: 1 918-8 | S266bL | LE 6FG 001 ¢-999 | &61 
L8LL-0 F-06FC6 ” ORF-STT ¢899-I S86-81 | SOSRFL | 
9F0L0  § 8911-0 $-6L096 ” S96-F II RFD L 98Z-E1 8-6e8eL | 

WEGLO | = GLLL-O G 1L9F6 67-29 LOF-FLT LEF9-I L8G-E1 G-CI9s. | LFFL8 0-98¢ 9-86 | 8 a 
SPLL-O G-62L86 ” OSF-SIT OFE9-1 GLZ-81 | Pb b6S%L L¥-6F8 009 0-869 Ol Og I 


~~ 
N 


Le426 0 | Ss (009 0-199 G-ge | #8 z 
1r-668 =| 009 | ¢-6FG ch | 61 z 


tt NON NEON 00 00 00 tt a 
ee 
= 


969L-0 £8886 os 766-211 9669-1 908-8L | F-OZ0ZL LP F28 ogg G-SLP cg | 68 Il 
G6LLO CF ILEL-0 G-O8 126 ” 6FS- LLL LGI9-1 913-81 0-F6 169 18-892 ogo G-889 “L 66 IL 
GES8-0 Soll 9-C8668 ‘ SOT-80T €Z8¢-1 G98-81 & YPESEO 00-9F9 009 0-8CF G38 | LI il 
CELLO 1689-0 8ST 809 ” &FS-69 [6L1-1 FE6-E1 | 88699S | 99-988 00¢ 0-80F 0-L9 | OF OL 
L66S0 | TORS-O 2-OGRZ9 ” L6F-GL re a 086-81 | €-09F98 | 9¢-F8¢ O98 | O-ZEF 0-62 | FE OL 
T6L =| (LL6e0 =| 1609-0 8: 68679 ” WLZL 6802-1 826-81 | F-1Z18e 99-FES ose | 0-08¢ GRE | If Ol 
PLL-6L 6899-0 «| «8819-0 [22029 ' G29-1L $206: 1 Z16-EI 788088 99-F8F OGL | @BIL Or L ol 
8OL-8L 9LR9-0 8809-0 6-8 10Z9 ” LSS-1L S66L-T L96-8L @ SELLE 9¢9-69F 0g9 0-969 OLE OF 6 | 9 ” 
-j__Sebee | _ _H90L-N | #9690 9-06¢19 CFZ-Z9 G9R-OL OF6L-T 296-81 8-EL908 Q°- FSF OSF (\- LOF G-LF | & 6 g- LI 6 86° ___| "WV ‘T “Say; 
sed We tang} , ee "puooes ‘spunog *puooeg "4004 “4004 “puosag ‘IJOAY spunog ‘daktixiel “‘spuooag ‘09S ‘UN ‘“sInoH ‘99g ‘TIA 9=‘sinoyH ‘seqouy) ‘ee sus ) 
oulysé “Bo 
| ey} uo Buy ‘pepaied 0d y00) ou0 19d yooy o1qND 4ad 300} ono . . 
-O8 [[BJ OY OND pastel spunog -xe oy} BZuyanp eR “yd 4, mys0d 
“399} LT JO [[¥j) AZJOOTOA OY} |-XO JOMOg ay] PesTVI spunog “1907 UM “10M "90u nA ‘yuem “yuoull - [ooyM | “uOOd 
ULIO}IUN S 07! 0} Joo OT | “110M 04 ‘altog [9eyM 9YF JO) wradxe ony Buryvy ul jooy mM 
poonpes ‘jooym'jo souedasuINd 0) Jooye [Njosn JO Joos a1qQno oy} uo J9yUM oy) Godn Bur) ‘ayBaqg oy} JO eee oy jfodxg ey} jo Zujpuq -1edxo ey) jo Aayuultog 107UM au | 
942 possed | -1J0 10|103x0 “197VA OY} Sujssed 10784 OY} UT INBOA SMOFMIOAM JO)6 Goren UPON | 30 av 50 | jo "ON 
YOM 104M (OG JO AIOOTOA/ AY} Jo OFNWY vw jo 1qF10M jo yideg “408 [[¥J [BIO], UopoI4y OY. 10 \ a eta to : : : 
jo AyQuuny joey} Jo oney JO Jomod [BIO], yo AqQuen?® TeqmNna [BOT ous 5 
‘s009 [NJesQ | “AWIL 14 Zley | AUALVaaaKay, 
j ' ‘ 


S 
N 
_ 
_ 


Did Amine 


IT 03-9 
Ol ” 

13 ol ”? ” ” 
or ” ” ” 


ce 6 a8 } G.@? a; 


: 
? 
= 

a> 

o> 

7 


WOSHLSOSHONHONS 


~ 


139 Dt- 
WtN 
_— 


LE 6 


= 
= 
~ 
> 
t 
i 


INP Oh DWSH 


~ 
— 


‘PLS GLVq = -xe oq} 


ye ‘S ‘ON ‘ITI UON0D NeOog UI ‘Teou MM 1901EM euIqIN |, UIBPMS You] OM'L-AyueAVS ApI9}s0oM OU) Aq poSiegqosip s91eM Jo Aqnuen?d pue ‘jo 1aMm0g oy} UO sjuUeWMTIEd xy 


i. oe Ge Ge aN 


Bian { 
PUM 
oAvig 


hedey 


9ZF-B6T 
RCo ZHI 
RZR- 161 
Z9F- 161 
829-061 
GES R81 
6ZF- CsI 
90Z-ELI 
CHE-RET 


ORT FST 
CEZ- FRI 
ZOL E81 
Z6H9-ZS I 
OLe-99L 
SL-LLI 
Z88-CLI 
ZLO-9LT 
RH9-CLT 
#Z9-FLI 
199-691 
LI6-LOL 
189-L9OL 
[g9-L9T 
OLL-99T 
SLE-COL 
FIg-LOL 
LEL-69l 
609-LEL 
S19-09T 
Z2e-09T 
091 
6F0-09T 
ORL-6ET 
6LE-69T 
O8L-8eT 
R09-9¢T 
£O8-I¢T 
Os9-OFT 
868-0FL 
960-881 
FRF-9ZT 
S6L-CLI 
6F8-6FI 
910-0¢T 
8L8-6FI 
SeL-6FI 
GLB-LFET 
090-LFT 
LEG CFI 
GEL-FFT 
220-1 FL 
F6G-LEL 
&19-Zel 
ILL-Lal 
968-881 
FPS-8EL 
L80-LEI 
998-981 
OL8-S8T 
SEL-FST 


OGFL-O 
OHFG- 

6FO9-0 
ZLE9-O 
RHLO-O 
LZZL-O0 
R6EL-0 
CLZH-0 
FEZ9-O 
£099-0 
ZROL-O 
CléL.-o 
2291-0 
REOLO 
LIGR-O 
7696-0 
&LL9-0 
ZHFO-O 


098L-0 
F99L-O 
0628-0 
OR88 0 
96-0 
LElo-1 
ZELO0-1 
SSFL-T 
2619-0 
[&t9-0 
6099-0 
6169-0 
F9ZL-O 
O8EL-0 
FOLL-( 
AL6L-~0O 
9688-0 
[€88-0 
8286-0 
FHL6-0 
FFLY-O 
9L199-0 
9689-0 
PRIL-0 
OZEL-0 
OSFL-O 
O88L-0 
6688-0 
ZFI6-0 
FI86-0 
1916-0 
8629-0 
6899-0 
OLLL-O 
921-0 
6ZFL-O 
ZELL-O 
8Z18-0 
#Z88-0 
626-0 
1L96-0 
FIS6-0 


bears 


tOHo-O 
L66r-O 
LY0OZ-O 


RRZR-O 
CRES-O 
70 
OBLL-O 
1g6L-0 
ROLS-O 
9788-0 
6868-0 
CEOL-O 
9961-0 
FolR-0 
988-0 
6OLE8-O 
R0E8-0 
CLZ8 0 
LOLL-O 
8029-0 
Gg9L-0 
GL08-0 
a9 18-0 
FIZS-0 
RRZR-O 
9978-0 
OLZ8-0 
LET8-0 
LORL-O 
LEZL-0 
R2FO-O 
098-0 
8668-0 
£91Z-0 
OLLL-O 
SG6L-0 
C008 -0 
1908-0 
9908-0 
Tg08-0 
CP6L-0 
StSL-0 
BEgL-0 
601L-0 
£0¢69-0 
GOLE-0 
GOLL-O 
OL8L-0 
1061-0 
9061-0 
g¢e3l-0 
L6LL-O 
Z99L-0 
£O8L-0 
FLED-0 
[gFo-O 
06ZL-0 
SFSL-O 
8091-0 
BLEL-O 
LEGL-O 
F6FL-O 
glEl-0 
LEIL-0 
8999-0 
6689-0 
ZEZS-O 
FIGE-0 


— es 


HOUS LI 


§-LOGSLT 


% LREOLT 


Dre , 


SEPOLT 
F-82881 
€-9Z26L1 
L-6988 11 
6-SSLLII 
O-SISPLT 
SSILEll 
8-Z6ZF LT 
O-RLOSTT 
8 ZCUEL1 
F- LSRFLT 
F-6890LT 
&-OLEROT 
9-LLSOLT 
£-LE6oll 
L-SZPOLT 
8-O60LTT 
G-O6R0T I 
6-68F60T 
F-PSTOLT 
9 LIZ601 
0- CL690T 
0-S9980T 
€-C8900T 
1-f6196 
9-ZLRO6 
F-9ET9R 
8 CRLPEOT 
% LOBSOT 
&-SELFOT 
o-FSICOL 
fy SOFFOL 
L-PELeol 
GPLZLOI 
8-OFZZOL 
©-SFFOOL 
& LLORG 
BPLLOG 
O- L826 
FF LRZ66 
F-SLO66 
L S9986 
608 L6 
L-PR1L6 
L-68696 
G-91996 
L-C6FE6 
F-12806 
F-CLE9R 
9SLI6 
F- 19026 
L-FROLG 
+ CLOG 
L-GZL68 
6-Z9968 
F-ZLI88 
P-ZFPLB 
L-61098 
0-LL9ZS 
£-80Z08 
L-ZL88L 


096-79 


’? 
I 


GL6'G 


v 


ha tel 
109-291 
GLS-E9T 
RES-ZOT 


SZG 191 


‘ 
‘ 
‘7 


6oF-OST 
CHL-SET 
RY I -CF I 
69S: FFI 

LL-¥FI 
PRO- EEL 
£9Z-EFI 
GES FFI 
L99-8EL 
99G-SZL 


120-681 
GER-RET 


80-781 


807-831 
£62861 
OFO-LIT 
CZ¢6-01 [ 
£26201 
£O0G-08T 
ZER-O8 1 
L0¢-08T 
eZ 081 
961-621 
LEF-RZT 
OO0Z-LZT 
[E1-921 
GLE-RBT 
899-021 
ERO-OLT 
ROH ZL 
“9E-1ZT 
E9¢-1ZT 
TFo-0Z1 
892-611 
L68-R1LT 
SSF RIT 
PIL-OIE 
ZEL-ELT 
CSL-R0L 
06¢°-80T 
9FR-OLT 
683-LLT 
Z60-0LT 
C6L-S0T 
1ZZ-BOL 
1Z8-LOL 
LIF-901 
LP6-F0L 
ecF- Lor 
BGG'R6 

[FL-S6 

OG8 98 


OOLB- 
LOO6- 
TER 
6186- 
CLR6- 
FZL6- 
Lag i 
SCZ: 
SOZ6- 
#226- 
PC I6- 
0606- 


’ 
’ 


9I6L: 
6I8L: 
OGLL TI 
“T 


ee Ee Oe ee ee ee ee eee ee ee ee ee ee ee. 


9ZOL-1 
6F99-1 


6989-1 
LI89-T 
Z°99-T 
699-1 
6889-1 
6LEE-T 
6809-T 
LZ19-1 
9109-1 
0689-1 
FERe-1 
G6LE-1 
Lege: I 
eI¢¢-T 
LOLG-T 
SPsF-l 
L8¢or-l 
FL98-T 


CIN & 


O89-ZI 
[80-21 
BELG 
OFL-GI 
OL8-ZI 
FI6-ZI 


GEL-GI 
FOR-Z1 
LLG 
TERS 
GER] 
PEL-AT 


6L8-Gl 


626-41 


160 co « 


~ 
ee ee ee 


6 


696-21 
RECS 
L10-€1 
£90-81 
GS-81 
I8Sl-81 
CLZ-81 
9LT-81 
880-E1 
FRL-SL 
COL-ST 
921-81 
ZFEL-SL 
FOL-SI 
661-81 
888-81 
068-81 
[62-S1 
16Z°S1 
[8Z-E1 
FIS-81 
cle-sI 
Cos-sT 
L08-S1 
I88-S1 
SF SI 
819-81 
689-E1 
099-81 


j 


P-LOSPOl 


8 L6LEG 


Z-O90L6 


9-OL186 
976182 
8-O9FT6 


PROL76 


1-92 LOG 
8-CFZL6 
z T0616 
F-66606 
a SELIG 
9-O8068 
L-CPRRES 
62202 
8-RROPD 
6-6PETS 


£-OPRES 
€-POLES 
6-LLLPS 
9-LORES 
6-9PF0Z8 
L-CkZOR8 
R-916EL 
O-IGLOL 
G'96629 

“LOPES 
O-86F9L 
GGL DLL 
P-OGGLL 
£-ZE69L 
G-F8eol 


O-ZL69P 
&- L899 
o-OF P69 
©-$9Z69 
T-#O889 
6-LILL9 
8-861L9 
&- LLO¢9 
£°SOZ9 
9 6E8E¢C 
6-LOLSF 
L-Sb0Gh 

“SELOF 


Le-s061 
Le-seal 
LE-R0Z1 
61-9811 
GZ-SBL 
{ 2 -CRZ [ 
0¢-CEZ 1 
O¢-o8LI 
0¢-CELT 
0¢-CROT 
o¢ ° CRI ) I 
9¢-FL8 
[8-9L¢ 
[€-8lz1 
GL-9081 
6LIstt 
Zt 9Stt 
GL-Istt 
ZL-901LT 
Z(-1801 
£101 
9o-FL8 


00-986 
OOF LE 
CL-067 
GL-8¢l 
LE-sglt 
LE-SELI 
L8-COLI 
LE-ecol 
Le-coul 
LE-086 
OS-Z26 
0°-218 
18-Z8L 
29-89 
Fe-G1g9 
60-89F 
8-CLOL 
F8-9Z01 
FE-OL6 
£-9Z6 
£-006 
€-G28 
9T-LO8 


& a 


6°-80F 
6-966 
$6: SF6 
81-888 
60-#Z8 
60-662 
60-FLL 
16-0ZL 
#6-9¢9 
99-68¢ 
LE-OFF 
9°-698 
ZL-OLE 


OLY 
OOL 


009 
009 
O09 


Ooo 
009 
OSt 

O¢cg 
Ogee 
009 
OOF 
Oct 

OST 

00¢ 
O08 
Oo’ 
OC’ 
OOP 
OCP 
00g 
OCP 
OCP 
Occ 
00S 
OSS 
009 
ose 


C-Z89 
¢-80¢ 
0-6L 

G-L¥G 
G-8Z9 
0- LO¢ 
G-8L¢ 
¢- [oP 
G-CLP 
O-ZOe 
0-89F 
0-68F 
G-668 
0-COF 
C-EhP 
G- See 
-C¢g 
G- 1¢¢ 
c- LO 
©-OLF 
G- Bet 
O- LPF 


©- BLE 


O-BRS 
O-LLe 
0-086 
0-188 
0-998 
OLES 
O-89F 
©- FOF 
©-GPP 
G-ORE 
0-898 
G-96P 
G-L9¢ 
0-288 
¢-C68 
0-OLE 
O-CPF 
G’LIg 
G-L6F 
G-ShP 
0-6LF 
OFF 
G-Z9F 
O0-8¢F 
O-FE9 
0-988 
0- LOF 
0-988 
0-80F 
G-Z8¢ 
GOLF 
O-LIF 
O-CLE 
0-98F 
O-elF 
G-O8E 
O-OLF 


Oe 
O-FL 
O-ET 
O-3E 
O-9F 
Ost 
ORF 
0-S% 
¢- $y 
0-61 
0-9T 
¢-OP 
G-OF 
O-F 

©-ZP 
0-ce 
©-0€ 
G-9G 
O-GE 
G-1¢ 
0-Lz 
G-Lg 
O-FE 
¢-98 
©-OF 
G-Lg 
ag 

O-8¢ 
gL 

g-69 
GL 

Go 
0-01 
¢-Zl 
0-96 
0-9 

G-F% 
O-LT 
G-8 
GI 

0-86 
O-% 

0-0¢ 
©-BS 
G-1Z 
O-OF 


CD hohe me ae 


cc of ot es 


Dl DOBDOBDOoOS 


~ 


St et nD 2 8 


0-82 
0-9F 
0-¢ 

0-9 
O-L 

O-FE 
©-66 
0-1¢ 
n.aG 


22 ht oe tn 


NAAN SI ct coe 


LI 


OO DHDBDOOsS 


Do tt tt et i ds 


_ 


O-OL 


"Wd 


BSSSTSSSSSLKCRETLLKKASSREZRSESSE 


seezSSneR258sz285es2- 


iz 


| $L1Z-061 SBLLO | 28-0 F-ZL188 ” LLP-9OL 
| 062-811 EZI8-O | LEIL-0 F-ZFFLS ” LP6-FOL 
| L&O-FIT 288-0 g9c9-0 L-610¢8 ” oot LOL 
SFL-OLT F626-0 6689-0 0-LL9OZB ” BGG'86 
| OT19-901 1196-0 ZEGS-O §-B0Z08 ” LPL-S6 
188-96 FL86-0 FIGG-0 L-ZL88L 99 OS8 98 
090-201 6898-0 1699-0 F-80ZLL ” OFZ: 16 
S6L-FOL FLO8-0 1269-0 8-FC68L ” F99-86 
$92-901 8092-0 9COL-0 L-60008 ” 998-F6 
9IL-LOL OFFL-O 611L-0 0-€ 1908 ” £09-6 
$9L-LOl 68ZL-0 ZBIL-O 8-62C08 ” 8h6-S6 
$28-OLT 9Z9¢-0 £069-0 6-LR8FZ8 ” [SZ-86 
L80-01T GLIc-0 €L¢9-0 ©-GFR18 ” CZ8-L6 
988-0TT 09-0 9801-0 L-BFOZS ” 609-86 
| 6FL-601 Leeo-o EIZL-0 8-RPOZR ” 981-16 
} 1f6-801 FS69-0 ZLIL-O © FOOLS ” C98-96 ; 
«LOP-86 8LED-0 2999-0 ©-Z9CLL ” | 68-88 
| 109-26 2169-0 | 1999-0 F-1980L | * | 0-8 
| 988-16 OBILO | 8099-0 F-68801 ” | G6F68 | 
| 68-16 9ZFL-O [Fo9-0 €-FZZOL ” | $10-28 
OLS-06 9e9L-0 19#9-0 L-CPR69 ” | G6F-18 i 
OLG-88 FFIS-0 8929.0 9- LEERY SPL-GL 
69-98 60 |_is«éGLB-O OLLG-0 8- 1899 ¥s ZG LL | 
| FRE-SR 9226-0 Z206-0 76669 ” GL6-GL 
69F-08 | 9996-0 9GZF-O 9-1L6Z9 I9L-3L 
Ilt-69 0806-0 R2CF-0 8 66169 ” OOL-89 
8LR-0L REoR-O G1L¢-@ G-LEL9¢ ” OFE-F9 
99-22 ZIRL-O 61¢¢-0 6-G9ELG ” Z16-99 
GIe-sl TreL-O LLoec-o f-CZBLE 9 FOS-99 
SE6-EL } 1ZZ2L-0 ZLLE-O 8: LFZR¢ ” 700-L9 
899-FL 9069-0 OZ8S-0 (-ZOR88E ” 889-L9 
F00-EL £299-0 L88¢c-0 ¢-6816¢ ' 600-89 
$98-CL 0829-0 OZ8¢-0 8-LEFGS ” GZE-89 
218-¢L GZ1e-0 ELPS-0 Z- LPRBG ’ SFL-89 
699-9¢ OOTS-0 CeOr-0 L-LOOGT ” $L9-19 
eR6-ee LE09-0 9ZLFE-O 6-GLE R9Z-ZO LIé-1¢ 
eee-¢e $1Z29-0 6ELE-O L-B1¢ ” LLU 
Tee: Fe Zool-O ELEF-O O-ZELEF ” L80-0¢ 
1Z0-#¢ 669L-0 IFLF-O ©-POOFF ” CZS-6F 
F69-8¢ 0Z6L-0 86LE-0 O-9GLEFE ” 60G-°6F 
£F0-8¢9 6628-0 9EFE-0 9-O8FEF ” O069-8F 
08-29 i 9818-0 ZESZ-O L-9GLZF ” CR6-LF 
SEL-1¢ 8106-0 | 0282%-0 C-OZEZF ZLE-BY GRF-LE 
f. _ Z98-Z61 2999-0 6981-0 6-L996R1 90 OLF-S9T 
He. 6189-0 OFTS-0 O-TSElel ” LOL-99T 
. au ‘ . ZL 161 ZEZL-O ZRZR-O L-OGOTET ” OFL-G9T 
Ayreon “endo Suny oven peony 96-161 PREL-O ZRBS-0 Z-99 L081 * 260-991 
89%-68T ZOLL-O 1Z88-0 g-O16621 ” 999-S9T 
L OFT-98T LZFS-0 OZ18-0 8-FL69Z1 ” £08-09T 
‘Aaiind wororsy uo asoo, eyuig GLG- 181 2661-1 809796 * 98E-9LT 
[ 1L0-ZeT LESG-O IZL-0 £29196 v9 669-911 
O1% Tet OLLY-0 I6LL-0 8-LE796 ” 921 OI 
649-081 2069-0 ISLL-O F-O6FS6 ” ORF-SIT 
$F0-081 | 9FOL-O S9LL-0 €-6L096 * °96-FLT 
“faved ‘gyey euo uado ayy poodg{ OLF-6ZI | F2ZL-0 QLLL-O 2 1LOP6 6FE-29 19F-FLI 
868-821 LESl-O CELL-O g-6ZL86 ‘ OSF-eLT 
LIL: LZI O6FL-O 9691-0 @-E8¢R6 s ZHO-ZLT 
866-961 Z6LL-O ILEL0O Z-O81Z6 - 6FS-LLL 
926-131 ZEER-0 CCI LO 9-CR668 Y SOL-80I 
S18-9L CELLO [686-0 8-S1Te809 ” GS-69 
680-08 LZZG-0 LORG-0 } L6F-GL 
“f ‘ . ae 5 191-62 LL6S-0 1609-0 8: G68E79 ” 96L-EL 
[4¥eT “19718NnD ou uedo avery peedg + FLL-GL E8G9-0 ee19-0 7Z0z9 be &Z9-1L 
COL-RL 9L89-0 RRND-0 
: L 861-82 FOOL-O PO6S-0 ChZ-Z9 
“‘puoveg “puo0es ‘spunog *puooes 
tod jo9j o1qng "10M 
oy} Go Buy) ‘pepaed sed joo) auo tod yoos O1qng 
-O8 [[ BJ OG} OND 
"3993 LT JO [[BJ, AOOTOA OY |-Xe JOoMOg 94} PosTBl spunog 1a}UM 
. ullo € a “110 al 
SHUVNAU Sailbeee ‘ateea se’ Gaudeteaind|on 180ge (ngeen = tone cued ee 
oY) pessed | -1J0 Joj107x0 "199VM ON) Suissed 19jea 
YOY 1038M 93 JO ARPOOTOA OY} JO ONY ve yo 131M 
jo Ayjquen® (oy jo oney JO Jomod [830], jo AVQUeNny 


‘sseW ‘11eMo7] 1e ‘S ‘ON ‘ITT UOTIOD 1100g UI ‘Joou M J9O1eM OUIqIN] ureMms YO 


{ 
ey} Sayeaq oq) Aq Buajoaes wos poyueaeid jaoy mM 
fayjnd uonowy wo esoo, ayerg 


‘OLL Wuempredxe jo uonneday 


269-06 L 
BEG E61 
108-761 
6FL- ZHI 
£69 261 
OOT-S6T 
9ZF-Z61 
Boo ZHI 
RZ8- 161 
ZOF- 161 
82.¢-061 


GES Ss I 


66F-C8 I 


EL8-PSI 
OR TFSI 
CES FSI 
EOL E81 
262-281 
OLe-99T 
BEL-LL 
ZRB-CLI 
ZLO-OLT 
869-CL1 
FZ9-FLI 
19¢-691 
4 L16-L0t 
I89-LOL 
129-19 1 
anes 
RLE-G “GQ 
FIe-L9 
phe fo 
HOS-LET 
£19-09T 
aet-091 
80-091 
6FO- 091 
ORL-GET 
618-691 
OBL-8ET 
809-9CT 
SOR-TET 
OR9-9FL 
R68-0FL 
960-881 
FPE-SZI 
fed 
6FS-6FI 
9L0-0¢T 
8L8-6FI 
SS1-6FL 
ZL8-LET 
090-LFT 
LEG CFI 
GPL-FFL 
ZZ0-1FI 
F6Z-LE1 
£Tg- ~ 
LLL-L1% 


969-60 
PPO-8E1 
L80-L61 
998-91 
OLE-SET 
SBL-FET 
F89-Z81 
960-621 
LEB-ZZ1 
B6L-9L1 
[98-S31 
908-SZ 1 

o-PSL 
986-23 L 
88%: ZZ1 
8F9- IZ 
FLE-0Z1 
066-811 
LZ0-F I 
SPFI-OLT 
O19-90T 


1Oo0D ne 


8661-1 


OOLS-O 
£929-0 
ecyee-o 
LIRO-O 
S6OOL-O 


eoH-O 


ERGO- | 


C1190 
9Z1L-0 
OOFL-O 
OOFG-O 
OFO9-0 
ZLE9-O 
RHLO-O 
1ZaL-O 


mlrten 
RHEL-0 
CLZ6-0 
FEZ9-0 
£099-0 
ae 
G [el ’ 
anne 
RE9L-O 
LICR-O 
7696-0 
€LL9-0 
ZOFO-O 
9199-0 
L689-0 
R60L-0 
691L-0 
098L-0 
F99L-O 
0628-0 
ORS88 0 
9EC6-0 
LELO-T 
ZELO-1 
SoFL-T 
ZG19-0 
[St9-0 
6099-0 
6169-0 
1902. 0 
OBEL+ 
POLL“) 
aL6L-0 
V6HER-O 
LE88-O 
BZE6-0 
FOL6-0 
FFLY-O 
GL99-0 
9689-0 
FSIL-O 
0% 
OSFL-O 
O88L-0 
6688-0 
ZPL6-0 
FI86-0 


6899-0 
or IL-0 

£9ZL-0 
6ZFL-O 
GELLO 
EZ18-0 
FZ88-0 
F626-0 
I 196 0 


i 


GD 


NCFL 


1908-0 
t2Z8-0 
LOZR-O 
LOGO 
EZER-O 
OFER-O 


LotRO 
PHZR-O 
!ZOR-O 
tO69-0 
LOoF-O 


RELR-O 


RULR-O 
ZERO 
68SBR-O 
CEOL-O 
9961-0 
FoT8-0 
£9k8-0 
OLES8-0 
S0E8-0 
C&Ze: 0 
LOLL-O 
8029-0 
1-0 
GL08-0 
Z91k- 0 
FLZ8-0 
R8ZR-0 
9928-0 
OLZ8-0 
LET8-0 
LORL-O 
LSZL-O 
RZ ao 
ogerd-t 
BOOE + 
ed 
OLLL-O 
961-0 
COOR-O 
LOO8-0 
9C08-0 
Tg08-0 
CF6L-O 
SFSL-0 
BEOL-O 
60LL-0 
£0¢9-0 
WAALS 0) 
GOLL-O 
OL8L-O 
LO6L-0 
9061-0 
2982-0 
L6LL-O 
Z99L-0 
COeL 
FLEO-D 
Sro-o 
O6ZL-O 
SPOL-O 
R09L-0 
SLoL-0 
L¥GL-O 
FOFL-( 


GIs.) 


LEIL-0 
8999-0 
6689-0 
ZFZE-O 


£-HO9R LI 
6-LO6STT 
1-99996 
6 LFLSZ 
S-ESPLZI 
G S689 1 
0- 66897 1 
9-9F99ZT 
G-LEOLZ1 
9-OL99Z%T 
L-OBPOZI 
Y- YSOGZ | 
&-L889R1 
8-E22E7 1 
C-f [REZ] 
SL LPSZ1 

[POLIT 

IRCOLT 


6-SOZRG 


iO OG l 
8-86 LZa1 
COFLI 
9-FO96LT 

9EPGLT 
P-RZRRIT 
£-9ZC611 
L-6¢9S8T1 
6O-SELLLI 
O-SISPLT 
SStLell 

8-Z62F LI 
O-RLOSTI 
8 -Z2C08LT 
PF LRSFLT 
pepe. 
OLLEOT 


9- 
L-SZPOLT 
8-O60LTT 
£-9C60T1 
6-68F60T 
F-FSTOLT 
o TIZ60T 
%- CEB90T 
0-S9980I 
£69001 
L-F6L96 
9-7 TROG 
F-98198 
8-CRLEOL 
& LOSCOL 
GSELFOT 
WPRICOT 


‘H-BOFFOT 


L-FELE0I 
GFLZLOT 
8-OFZZOT 
© SFPOOT 
& LLORG 
a FLLOR 
O-LEE86 
F-LSZ66 
F-SLOG66 
I e o86 


L-68696 
G-91966 
L-C6FR6 
F-12806 
= CLEOR 
$-9EL16 
F-19026 
L-FROLG 
£-°6 106 
L-GZL68 
6-Z9968 
F-ZL188 
P-ZEFLS 
L-610¢8 
- LLOZS 
80Z08 


O9G-79 


969-1ST 
882-11 
LtS-LLI 
CGS -Z9] 
S80-991 
S-F9l 
9z¢- Fol 
FSE-FOT 


LOL-OGT 
ChP-SEL 
RRE-ZET 
969-1¢ET 
L¥G- ISL 
LO9-1¢] 


PRO-SEL 
£90-8FL 
GPS FFI 
[99-8EL 
99G-8ZL 
190-681 
f9L-68L 
C6LSET 
1o0-68T 
GER-RET 
F66-LEL 
8E6°LEL 
FLE-98T 
REO-ZEL 
R0Z-RST 
£62-831 

OFO-LIT 
CZo-O1L 
FO6-Z01 
£0¢-08T 
GES-O8L 
£0¢-081 
£°%-081 
961-621 
LEP-SZT 
00%-LET 
[ST -921 


899-021 
ERO-OLL 
ROW-GLL 
89S IZ1 
£9¢-1Z1 
TFo-OZ6T 
892-611 
L68-8LT 
SSF SIT 
PIL-OLE 
692-811 
CRL-ROL 
06°-80T 
9FS-OLL 
686-LLI 
660-011 
C6L-801 
1ZZ-80L 
1Z8-LOL 
LL¥-901 
LP6-FOL 
oot- LOL 
BGG'86 

LPEL-G6 


t 
: 
. 
. 
} 
R 
' 
2 
- 


LE A aE iN MRS 


Wurtz—On the Water Supply of Newark and Jersey City. 67 


The result of the analysis of the Passaic Falls should teach us, how- 
ever, not to trust too much to such external appearances. Inquiry 
in Dover elicited the fact that the citizens who occupy the thickly- 
settled river bottom are greatly dissatisfied with their wells, attribut- 
ing much sickness to bad water. A few words on this head will not 
be out of place. It may be asserted that the wells, in a river valley 
filled with porous material, belong to the river itself, and partake of 
its current. The stream frequently—particularly in a dry season— 
will run more underground than on the surface; which is proved by 
the familiar fact that it will often disappear for distances more or 
less great, leaving the channel dry, and re-appear again in the chan- 
nel below with its regular current. It is plain, when we consider 
this, that all drainage, all liquids of every kind from privies, open 
sewers, rain, etc., that soak into such a soil, become at once part of 
the flowing subterranean stream, and will flow through the wells 
themselves. The only variation in effect from the throwing of such 
effete liquids directly into the stream, is that in the latter case they 
have some chance of being consumed and rendered innoxious by oxy- 
gen, fish and vegetation, but, in the other case, little or none. These 
simple facts might, could and should, be taught to children in schools. 
Increase of population throughout country towns and villages will, 
probably, in time, cause the iron hand of necessity to be felt, and 
lead to increase of knowledge in these matters. 

It is presumed that the canal, when passing Dover, can easily be 
kept separate from the Rockaway, and that such water as may be 
taken in from the stream may be derived from above that town, 
where the Rockaway is, unmistakeably, a pure mountain stream, 
coming down in two branches from wild and almost unsettled districts 
—one from the Longwood Valley, and the other from Denmark 
Valley and Green Lake, a lake which is the highest water in the 
State (1,044 feet above tide, or 130 feet higher than Lake Hopat- 
cong). No sample was secured from this upper Rockaway, as it was 
assumed that it would be identical with the water of Lake Hopatcong, 
with whose tributaries some of its own interlace. This is now a sub- 
ject of regret, as the Hopatcong water was found, by the analysis, to 
possess a certain peculiarity, as set forth below. 

6. Lake Hopateong.—As before stated, the visit to Lake Hopat- 
cong was made upon a day which had been preceded (the night be- 
fore) by a tremendous rain, which raised the level of the lake two 
inches, according to the statement of the lock-keeper at the feeder. 
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It was, therefore, thought interesting to take, in addition to the 
sample from the gate by the lock into the feeder, another sample 
from the margin of the lake, to determine the effect of the wash from 
the soil of the surrounding country. It will be observed—(No. 6), 
that this maginal water had a very different composition from that of 
the bosom of the Lake. 

With regard to the latter, it may be interesting to compare the 
total solid contents with that of a few other lakes : 

Lake Hopatcong, , ; R . . ; 1.79 
Bala Lake, Wales, ; , ; ; - 1.63 
Loch Katrine, (supplies ieee) , ; ‘ 1.63 
Norwich, Conn., Reservoir, . ‘ : : . 1.84 
Cochituate in é , ‘ 3.11 
Lough Valley, Ireland, (ouppliee. Dublin) ‘ . 8.11 
Croton Lake, . : . ‘ 4.78 
Geneva Lake, Switserlen’d, ; . . ‘ +: ae 
Lake Ontario, . ‘ : , , , ‘ 6.01 
Lake Erie, . : ; ; ; , . 6.49 
Lake Michigan, . ; 6.68 

[The analysis of Bala Laka, in Wales, here quoted from, was 
made by Frankland and Odling. Another analyst, R. H. Smith 
(possibly at a different season) obtained a very different result—2.65 
grains per U. S. Gallon; and of this latter no less than 0.589 was 
ehlorine—more than five times that in Lake Hopatcong. The Rhine, 
at Basle, in Switzerland, fed by the drainage of the Alps and the 
melting glaciers, while containing 9.88 grains of total dissolved 
matters per U. 8. Gallon, has but 0.087 of chlorine. This is the 
purest natural water, so far as chlorine is concerned, that I have ever 
heard of. It will be seen that Hopatcong approaches it—containing 
but 0.014 grain more per gallon. ] 

These few examples are sufficient to show that this water is among 
the purest of lake waters. But still, on examining the figures of the 
analysis, a strange anomaly appears. I refer to the existence of 
nitrates in this mountain lake, in what may be called a large propor- 
tion. Of the fact there can be no shadow of doubt. The figures 
given are the mean of three well-concurrent analyses on three sepa- 
rate portions of the sample, collected by myself and sealed up in a 
chemically clean glass-stoppered bottle, and never opened until the 
analyses were begun. The presence and origin of these nitrates in 
Lake Hopatcong are mysteries to me at present. The only suppo- 
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sition I can make is that they exist in the water in the form of what 
are called nitro-humates, derived from peaty or decomposing vegetable 
matter. This is totally at war with the passage from Frankland, 
quoted on a previous page. It is to be borne in mind that, however 
produced, these nitrates are perfectly innocuous, and, in such minute 
quantities indeed, perfectly inert. The idea of their derivation from 
animal matter (unless from dead fish—an inadmissible idea) seems 
preposterous, and the possibility of drainage contamination in this 
lake, even if a supposable case, is negatived by the other figures ob- 
tained (See columns 9, 10, 11, and 12, of Table I.) 

I observe that in an analysis of Loch Katrine, cited by Wanklyn 
and Chapman, the nitrogen existing as nitrates is given at 0°00031 
milligramme per litre, equal to 0-06 grain of nitric acid per U. 8. 
gallon. This is but one-sixth that in Hopatcong, but shows, never- 
theless, that a mountain lake may contain nitrates. In any case the 
nitrate test is proved, in the case of mountain lakes and streams, in 
this country at least, to be of no use as positive evidence of sewage - 
contamination, though negatively it may still be of value. 

I have already stated, generally, the view to which my field and 
laboratory work jointly have impelled me, regarding a gravity low- 
service supply for your two cities, for the low-lying portions, where 
the main supply for business, manufacturing and steam purposes—as 
well as for fires, is required. I shall now say, that both Science and 
Nature appear to me to point clearly—as the source of a high-service 
supply of water from the hills, among the purest in th world, for 
drinking, washing and cooking uses, sufficient for all time, for Ber- 
gen Hill and the higher parts of Newark—to the elevated district 
comprising the united water-sheds of Lake Hopatcong and the upper 
Rockaway, above Dover. I have carefully marked out and measured 
the joint area of these two water-sheds. It forms a somewhat regular 
oblong parallelogram, twelve miles by six, or seventy-two square 
miles, which would give an average daily supply, the year round, of 
fully eighty million gallons. One month’s flow, or less, daring sea- 
sons of flood, would fill a reservoir as large as the new and huge Cro- 
ton reservoir at Boyd’s Corners, which might be located somewhere 
among the hills about Boonton or Montville, and to which the Hopat- 
cong water and the Rockaway, above Dover, could be conducted 
through the canal. The piping required to take the water from such 
a reservoir to Belleville would be about sixteen miles in length, as the 
erow flies. 
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7. The Croton Water.—The Croton and its branches rise from 
and flow through a country identical in geological character with that 
traversed by the Rockaway, Pequannock and Ramapo, but it never- 
theless receives the drainage from all the towns for twenty-five miles 
along the Harlem Railroad, besides a good many other settlements 
and farming districts scattered throughout its water-shed. I was led, 
therefore, to anticipate some interest from a few comparative, though 
partial tests, of samples from the New York hydrants. The results 
(Nos. 14 and 15) appear to show that our water of the Lower Passaic, 
even with all ¢¢s contaminations, does not as yet suffer much in a com- 
parison with the Croton. I would call attention particularly to the 
comparative chlorine tests. 

Still, it is evident we have it within our power to improve very 
greatly on this, and it is to be borne in mind that purity of water- 
supply has already been—and in the future is to be, to a far greater 
extent—a paramount element of prosperity in a city. Those who 
conduce to progress in this respect, are eminently entitled to be en- 
rolled among the benefactors of their community. If we are wise, 
we will take time by the forelock, and not wait for the Rider on the 
Pale Horse to come and drive us to our duty with some terrible death- 
dealing scourge. 

8. Pollution of Town Wells and Pumps.—The members of your 
Honorable Commission are doubtless all familiar with much of the 
literature of this topic. I shall not go over, therefore, the well-known 
historical facts which are now so abundantly on record, and which 
show that epidemic diseases have been on numerous occasions propa- 
gated throughout whole communities by the water from a well or pump 
that had become contaminated by drainage. I might, however, cite 
here one case that has occurred in the United States within the last 
month. It was reported but a few weeks since from Davenport, Iowa, 
where nineteen deaths from cholera (or what passed for it) had oceur- 
red at the time within two days, that “nearly all of the cases may 
be traced to the suicidal use of water from the wells below the bluffs, 
which are little else than reservoirs of poison from sewage.” 

My attention was called to this subject in a conversation with his 
Honor Mayor Ricord, who stated that more than one quarter of the 
inhabitants of Newark still used well-water.* Knowing from the 
character of the soil in Newark, chiefly porous fluviatile sands and 


*I am informed that this is the case also in Paterson, where similar dangers 
must be constantly impending—in view of the similar formations underlying 
that city—even to an extent more marked than at Newark. 
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glacial drift, that this must be very unsafe, I requested Mr. Bailey 
to designate two or three of the public pumps most resorted to, that 
I might make some examinations. He indicated three, from which 
were obtained the samples whose contents are specified in Table I 
(Nos. 18, 19 and 20). Without occupying space with minute discus- 
sion, [ shall only direct attention to the amount of common salt in 
Nos. 18 and 19 (column 12), about five grains to the gallon, of an 
ingredient which cannot be traced to any other source than infiltra- 
tion of urine, of man or beast, or both. No. 20 is not so bad. It 
appears to me that strict prudence ehould prompt the closing of wells 
Nos. 18 and 19, and of all others that may be found to be receptacles 
of ooze and soakage from the contaminated soil under the city. 

9. Brief Remarks on Sewage-Pollution of Rivers.—This is also a 
subject that has been so much bewritten, that it may not be advisable 
for me to expend much space upon it. 

The class of scientists who study niicroscopic fungi, mycologists (in 
common with many distinguished scientific physicians), are now set- 
tling down to the belief that most epidemic and epizootic diseases are 
accompanied (as causes, not merely as effects) by certain fungoid 
growths ; in other words, that these diseases are produced by vege- 
table parasites. -When these fungi take root in animal tissues, they 
develop into abnormal and monstrous forms, which have not been rec- 
ognized until lately; but it is now known that the spores discharged 
(by millions of millions, it may be) with the excreta, when cultivated 
outside the body, come back again to their normal forms, and the 
fungi are recognizatle. Thus, in common dysentery and cholera 
morbus, the spores, when replanted, produce a common fungoid para- 
site wheat, while during the fearful Asiatic cholera the spores pro- 
duce a parasite of the East Indian rice-plant. These facts (if they 
must be admitted as such, which seems inevitable) are suggestive with 
regard to sewage contamination of rivers. One case of cholera 
brought to Paterson, or any one of the towns lying on the upper Pas- 
saic, might fill the whole river with the living seeds of the pestilence. 
A like propagation would take place from Newark throughout Jersey 
City and Hoboken, and even throughout Newark itself! I am aware 
that these are appalling considerations, and may be rejected by some 
as contingencies too remote and dreadful to be possible; but human 
experience, alas, will not countenance any such puerile view as this. 
We must stare these horrors sternly in the face, bring all our science 
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to bear, and study prevention, rather than wait till called upon to en- 
dure the evil when it shall have passed beyond our cure. 

Conelusions.—1. In addition to the rapid agencies of self-purifica- 
tion and nitrification, by oxidation, that were shown by the analyses 
of last winter to act in the Passaic water, the analyses of the past 
summer indicate, during the latter season, additional powerful agen- 
cies in the enormous amount of vegetable and animal life inhabiting 
this water, which co-operate in consuming the effete matter with sur- 
prising rapidity. 

2. These last two agencies are unreliable, and may at any time fail 
us. It is probable that the limit is even now about reached, at which 
the excess of material for the nourishment of these beings—or 
rather the inevitably poisonous products of the putrefaction of this 
excess—will engender all at once some deadly epidemic, or rather 
epi-ichthyic disease, which will destroy the fish, as is well known to 
have always resulted, sooner or later, in similar cases. 

3. The analysis of Jersey City reservoir water of August 9th shows 
that even now there are times when these consuming agencies fail to 
come fully up to the mark, so that the average of putrefiable matter 
in the water, as distributed to consumers, rises to a proportion that 
should cause deep disquietude. 

4. The large indications of matter of animal origin in solution at 
low-tide at the Newark pumps at Belleville, overthrows the plan 
brought forward in the Chemical Report of last March, that the 
water be conveyed to the pumps from a point higher up the river. 

5. The water above the falls at Paterson does not present, at least 
in summer, the purity that appears desirable in a water-supply to be 
selected and adopted for all time, especially when it is remembered 
that the main Passaic receives a large and constantly increasing 
amount of drainage from towns, country and factories, as well as 
much swamp-0oze. 

6. The Morris Canal, on the long level, above Paterson, extending 
to Bloomfield, much excels in purity the water above the falls at Pater- 
son (see Table VI), containing but about one-half the volatile matter, 
nitrates, animal matter and chlorine. 

7. Were the incessant surging against the banks of the canal, 
by passing boats, to be stopped, its water would quickly assume a 
limpidity or clearness equal to that of the river above the falls. 

8. The canal feeder at Pompton Plains, which is capable of drain- 
ing more than one-third of the whole Passaic water-shed—and which 
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comes down from a country very little cultivated and sparsely settled 
—brings water which is far beyond that of Passaic Falls in purity ; 
the amount of total solids in the feeder to that in the upper Passaic 
being as 1 to 1°38, the amount of nitrates as 1 to 2-4 and the amount 
of chlorine as 1 to 2°17. 

9. Were the main canal, above the Pompton feeder, protected from 
contamination by the towns and villages along the valley of the Rock- 
away, and its influx of water confined to the Hopatcong feeder and 
the Rockaway above Dover, it is probable, indeed reasonably certain, 
that its water would acquire a purity even much greater than that of 
the Pompton feeder. 

10. Lake Hopatcong is scarce surpassed in purity by any moun- 
tain lake whose analysis is on record, being very closely equal to the 
celebrated Loch Katrine that supplies Glasgow. 

11. It may be accepted that the upper Rockaway, above Dover, 
coming from the same country, and fed moreover in part by Green 
Lake, 130 feet higher than Hopatcong itself, must be at least equally 
as pure as the latter. 

12. The combined water-shed of Hopatcong and the Rockaway 
above Dover, measures 72 square miles; equivalent to an average 
daily supply of at least eighty million gallons, or say, in round num- 
bers, 30,000,000,000 gallons per year, of water ranking among the 
purest in the world. 

13. Were a large reservoir constructed among the hills of the high- 
lands, somewhere about Boonton or Montville, to which this water 
could be brought through the canal, from fifteen to sixteen miles of 
piping would carry it to Belleville, with a head sufficient to raise it 
to the highest parts of Newark, or of Bergen Hill and the Palisades. 

14. At the same time the Pompton feeder could deliver, at Bloom- 
field, through the long level, for all business, steam and manufactur- 
ing purposes, such copious supplies of water, equal in purity to any 
river of equal volume in the United States—fcr example, of fully 
twice the purity of the Croton—that your cities would at once become, 
in this truest and most beneficent of all wealth of cities, quite as 
rich as Imperial Rome of old, in her haleyon days.* 

15. In conclusion, taking in view all the results of my labors dur- 


* Rome, under the Emperors, when she was mistress of the civilized world, 
had a daily supply of pure water for every man, woman and child of more than 
three hundred gallons. 
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ing the year past, in the field and in the laboratory, I cannot hesitate 
to enounce, as my professional opinion, that if it is true that the. op- 
portunity now offers (as is stated to me) for your honorable Commis- 
sion to convert the Morris canal from what is said to be an unprofit- 
able channel of navigation, into a channel of pure water-supply for 
the great cities now growing up around us, this opportunity should be 
availed of immediately, without any dangerous delay. 
All of which is respectfully submitted. 
Henry Wurtz. 


On Chinese and Japanese Bronzes.—In the Paris Exposition 
of 1869, many bronzes from China and Japan were exhibited, which 
were of remarkable beauty, and which attracted great attention on 
account of the dead black color of their patina. The composition of 
these bronzes was, at that time, unknown. Lately, however, M. 
Henry Morin, of the Paris Conservatoire, has made an investigation 
of these bronzes, the results of which he has communicated to the 
Academy. They are interesting as well from a metallurgical as from 
a scientific point of view. What chiefly distinguishes these Chinese 
and Japanese bronzes is the large quantity of lead which they con- 
tain, in comparison with that used in European bronzes. On an aver- 
age these bronzes were found to be composed of copper, eighty parts ; 
lead, ten parts ; tin, four parts ; zinc, two parts; the remaining four 
parts consisting of iron, nickel, arsenic, sulphur and gold. In cer- 
tain of the specimens analyzed, the lead much exceeded the amount 
above given, rising sometimes to even twenty per cent; but in these 
specimens, the content of tin was also increased, rising even to seven 
per cent. Such an alloy, however, has but little strength. The 
bronzes containing ten per cent. of lead possess rather remarkable 
qualities. They can be cast with facility, they are close-grained, and 
they take very quickly, when heated in a muffle, the black patina 
above mentioned. This patina, which had been supposed to be due 
to a special varnish, belongs really to the metal itself, being produced 
as above. To obtain successful castings with these bronzes, it is 
necessary that the objects produced should be quite thin. 
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